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PREFACE 
A small investigation of the ecology of the River Lambourn 
was carried out by the University from October 1967 to September 1970 
with a grant from the Water Resources Board. During this period it 
became clear that detailed and reliable information could only be 
obtained by a larger investigation. Consequently a much fuller study 
was undertaken from October 1970 to September 1973 and this was 
financed jointly by the Thames Conservancy and the Water Resources 
Board. The aim was to provide basic information on the state of the 
river prior to the development of a groundwater pumping scheme being 
planned by the Thames Conservancy which might have ecological effects 
on the river. A report has been submitted previously which presents 
the results obtained during that period. 
In 1973 the sponsoring organisations agreed that the study 
should be continued for a further four years to September 1977. Its 
scope was widened to include other rivers which might be involved in 
future developments of the same groundwater scheme and also some 
other chalk streams in southern England which were involved in other 
groundwater schemes and provided links with research being carried 
out on chalk streams by other organisations. In 1974 the sponsoring 
organisations were replaced by the Thames Water Authority and the 
Central Water Planning Unit respectively and these two bodies have 
continued to support the studies. 
This report presents a broad review of the results obtained 
during 1973-77. Much detail has been omitted and the data will be 
published fully in scientific journals at a later date. In general 
the report is self explanatory but at certain points it has been 
necessary to assume some familiarity with the previous report to 
avoid undue repetition. Where necessary, some of the earlier results 
are repeated in summarised forms as the basis for examining longer-
term trends. Some results obtained during the last few months of 
the period have been included briefly because they provide information 
relating to recovery from the effects of the drought and the pumping 
operations which occurred in 1976. 
Observations on the River Lambourn are now being continued 
by the Freshwater Biological Association under a new contract which 
extends until September 1980. 
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1 . INTRODUCTION 
1.1 OBJECTIVES 
The investigations described in this report were carried out to 
fulfill three distinct but interrelated objectives. In 1973 the Thames 
Conservancy were making plans for a second stage of their groundwater scheme 
which would take water from the chalk aquifers in the valley of the Kennet 
and they wanted basic information on the ecological state of this river and 
its upper tributaries. They were also considering the possibility of 
extending the scheme at a later date to the limestone aquifers in the upper 
part of the catchment of the Thames. Little appeared to be known about 
limestone streams and a preliminary study of one of the streams in this area 
was desirable as a basis for planning more detailed studies if these were 
needed later. 
At a progress meeting held in March 1976 the problems and oppor-
tunities presented by the developing drought conditions were considered. 
It was concluded that the ecological effects of the exceptionally low natural 
flows should be studied and that it would be important to assess the 
ecological impact of the groundwater scheme if it was brought into operation 
that year. This could only be done on the Lambourn and the Winterbourne 
and it was decided that considerable effort should be diverted there for 
this purpose and that the field observations should be extended to cover 
any recovery period after the end of the drought. To make this possible it 
was agreed that the studies of invertebrates and detritus on the Kennet 
should be reduced considerably and that the proposed study of the limestone 
stream should be abandoned. The revised objectives were as follows: 
a) A detailed ecological study of several sites on the Kennet and its 
tributaries above Kintbury, extending over at least two years and involving 
observations on water weeds, invertebrates, fish, detritus and the trophic 
relationships within the river community. 
b) Quantitative and qualitative sampling of water weeds and invertebrates 
during one year at a number of sites on several chalk streams to determine 
whether the patterns and relationships found in the Lambourn are also found 
at the other sites. Observations on the Lambourn at Bagnor were to continue 
for most of the period to look for long-term fluctuations and to enable these 
sites to act as controls with which the other sites could be compared. 
c) Further detailed studies on the Lambourn and the Winterbourne to assess 
the impact of low flows, trial pumping and the operation of the groundwater 
scheme. 
1.2 STAFF 
At the beginning of the period Dr Berrie moved from the University 
to the River Laboratory from where he continued to direct the project and 
participate in the studies. Dr Wright became Deputy Director and assumed 
responsibility for the supervision of the team and the execution of the 
research programme. 
Numerous changes took place amongst the other staff during the period 
and a full list of all the staff involved is given on p.2. The basic team 
was 6 research staff in the first year and 5 research staff and 2 research 
students in the subsequent years. In October 1973 the team comprised 
Dr Wright, Dr Hiley, Dr Scorgie, Mrs Cameron, Mrs McLeish and Dr Green. 
In December 1973 Dr Green left to join Wessex Water Authority and he was 
replaced by Miss Ham. Dr Hiley left in October 1974 to take up a post with 
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Yorkshire Water Authority and two studentships were started which were held 
by Mr Paton and by Miss Mitchell, who was soon replaced by Mr Drake. Mrs 
Cameron left in December 1974 and was replaced by Mr Cooling. In January 
1975 small savings in the project allowed the recruitment of Mr Rufus to 
work part-time at the River Laboratory. Dr Scorgie left in July 1975 for a 
post with the Institute of Terrestrial Ecology and he was replaced by Mr 
Cropper. The quantitative invertebrate programme required a great deal of 
time and the sponsors added two more posts to the team in April 1976 to 
facilitate progress. Miss Comiskey and Miss Rey were appointed to these posts. 
Mr Paton terminated his studentship in September 1976 and the funds released 
were used to employ Mrs Andrew on a part-time basis. Mrs McLeish left in 
November 1976 and Miss Rey in January 1977. They were replaced by Mrs 
Healing and Mr Temple. Further savings in the budget allowed the recruitment 
of Dr Mackey at the River Laboratory from April 1977. This meant that there 
were seven full-time staff, two part-time staff and one student engaged on 
the programme when it ended in September 1977. 
1.3 FIELD PROGRAMME 
The previous series of observations on the Lambourn at Bagnor were 
extended during the latter part of the previous contract and continued until 
December 1973. This was done at the request of the sponsors to record any 
changes occurring during the period of low discharge from July 1972 to 
December 1973. An important consequence was that the first few months of 
this contract had to be used largely for these observations and for the 
processing and analysis of material obtained during the previous three years. 
Observations then continued on the shaded and unshaded sites at 
Bagnor which served as a baseline for comparison with all the other sites 
studied during this period. The macrophytes were mapped each month, quan-
titative samples of invertebrates were taken in June and December each year 
and the populations of trout, grayling and bullheads were sampled by electric 
fishing each autumn. From March to December 1974 a survey of 13 sites along 
the Lambourn (Fig. 1) was carried out each month. The flora at each site 
was recorded to see what variation occurred along the river and thus place 
the Bagnor sites in perspective. A photographic survey of sites along the 
Winterbourne (Fig. 2) was carried out from November 1973 to April 1975 and 
a census of the trout population of this stream was made in August each year. 
These longitudinal studies proved exceptionally valuable as a basis for 
studying the effects of the 1976 drought and of the trial and operational 
pumpings of boreholes which were carried out in 1975 and 1976. 
During the winter of 1973-74 possible sites on the Kennet were 
explored and access was negotiated. As a result major sites were established 
on the Littlecote Estate about two miles upstream of Hungerford and at the 
Savernake Flyfishers water between Durnsford Mill and Stitchcombe Mill, 
about two miles downstream from Marlborough (Fig. 3). High discharge com-
bined with turbidity caused by alterations to Marlborough Sewage Works 
delayed the start of field work at these sites until April 1974. Thereafter 
the macrophytes were mapped monthly at three sites, and quantitative samples 
of invertebrates were taken from the same sites every second month until 
April 1976. During the same two years electric fishing was carried out at 
three sites at Littlecote and Savernake to study the populations of trout 
and grayling. These programmes all suffered some interruption in the winter 
of 1974-75 due to high discharge and to turbidity caused by a drainage 
scheme in the Og valley. During these two years, additional studies were 
made at a site on the Dun in Freemans Marsh about one mile upstream of 
Hungerford, and surveys were carried out along the winterbourne tributaries 
of the Kennet including the Aldbourne, the Og and the Kennet itself between 
Marlborough and Silbury Hill (Fig. 3). 
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Fig. 3. Map of the upper Kennet and its tributaries showing the sampling sites. 
The comparative survey of chalk streams began in the spring of 1975. 
Three new sites were established. One was at Weston Farm further up the 
Lambourn where the dominant macrophyte was Callitriche which made an inter-
esting contrast with the two sites lower down the river where Ranunculus and 
Berula are the respective dominant macrophytes. The second was at Norton 
Bavant on the Wylye to provide a link with studies by Wessex Water Authority 
in connection with groundwater abstraction in that area. The third was at 
Bere Heath on the Bere Stream to establish a link with the studies carried 
out by the Freshwater Biological Association at that site. Two sites on the 
Candover which were under regular observation by Southern Water Authority in 
connection with their groundwater scheme were included in the programme. 
These five sites together with the existing sites (two on the Lambourn at 
Bagnor, three on the Kennet and one on the Dun) gave a total of eleven sites 
which were used for the comparative survey (Fig. 4). From April 1975 to 
April 1976 the macrophytes were mapped each month at these sites except in 
the case of the Dun where mapping was less frequent. This enabled the growth 
and recession of the macrophytes at all the sites to be compared. In June 
and December 1975 a series of quantitative samples of invertebrates was taken 
from all the major habitats at each site. These formed the basis of a com-
parison of the invertebrate communities. A further comparison was made by 
collecting samples of mayfly nymphs from the eleven sites each week during 
the year in an attempt to establish the emergence periods and the number of 
generations for each species at all the sites. The comparative survey 
involved a great deal of field work during 1975-76 and gave rise to about 
400 quantitative samples of invertebrates. These imposed a very tedious and 
protracted task on the team and a concerted effort was required to complete 
their examination before the end of the period. 
In April 1976 studies began on the effects of the drought. Obser-
vations were resumed at the sites which had previously been studied along 
the whole length of the Lambourn and the Winterbourne and these were re-
peated in most months until August 1977. These sites together with the two 
major sites at Bagnor were already well documented and provided good places 
to assess any effects of the drought. In addition observations were con-
tinued at the site at Weston where twelve month's records had just been made 
as part of the comparative survey described above. Observations were also 
continued at a site at East Shefford which had been established in September 
1975 for a separate study of the effects of trial pumpings in the upper 
Lambourn. This was a particularly important site since it was near the 
upper limit of perennial flow in the Lambourn and about 1 km downstream from 
a major outlet of the groundwater scheme. Both drought conditions and 
operation of the groundwater scheme were likely to produce their greatest 
effects in this part of the river. The observations at Weston and East 
Shefford continued until January 1977 and September 1977 respectively. 
The field work for this stage of the project was completed by 
December 1976 but the report includes some results of observations carried 
out in 1977 which were analysed later but have been presented to complete 
the information relating to recovery from the drought and pumping which took 
place during 1976. 
1.4 ACKNOWLEDGEMENTS 
The investigation was financed by the Thames Conservancy and the 
Water Resources Board and this responsibility was taken over by their 
successors the Thames Water Authority and the Central Water Planning Unit in 
1974. We have received constant support and encouragement from Mr H. Fish 
and Mr N.J. Nicholson (Thames Water Authority) and from Mr J.C. Peters and 
Dr R. Abel (Central Water Planning Unit) who represented the sponsors on the 
steering committee. 
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Fig. 4. Map showing the location of sites used in the comparative survey of 
chalk streams, 2975. 
On the Lambourn we are particularly indebted to The Piscatorial 
Society and Mr J. Gladstone (Donnington Grove) for allowing us regular access 
to their water at Bagnor. The Society's Water Warden, Mr R.D. Lawson, and 
head keeper, Mr G. Maich, have helped us greatly with their interest and 
understanding. Mr G. Wallis (Weston Farm) and Mr J. Liddiard (East Shefford 
House) kindly allowed us to study the sites at Weston and East Shefford 
respectively. For continued access to the Winterbourne we are grateful to 
the late Mr W.E. Wallace and Mr D.L. Campbell (Bagnor Manor), Mr E.J. Saunderson 
(Honey Botton), Sir James Hanson (Kimbers Copse), Marshall Brothers (Pit King 
Farm), Mr A.R. Baylis (Winterbourne Manor), Mr D.R. Baylis (North Heath Farm) 
and Mr C. Povey (Winterbourne Farm). 
On the Kennet we are very grateful to the Littlecote Estate and the 
Savernake Flyfishers for allowing us to establish major study sites on their 
waters. At Littlecote we received much help from Mr D.M. Brook and Mr D. 
Macer-Wright and at Savernake from Mr R.D. Lawson, Mr D. Lofts and Mr G. 
Hounslow. We are grateful to the Hungerford Town Fishery for access to their 
water on the Dun and to Mr E.L. Davis and Mr D. Macey for their co-operation 
at this site. 
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The Southern Water Authority and the Wessex Water Authority helped 
us to obtain access to the Candover and the Wylye respectively and allowed 
us to collaborate with their own biological studies on these rivers. We are 
grateful to Mr P. Soulsby (Southern Water Authority) and Mr J.H. Greenwood 
(Wessex Water Authority) for their help; to the Hon. J.F.H. Baring and 
Lord Ashburton for access to the Candover; and to Sir John Jardine-Patterson 
and Major J.C. Walker for access to the Wylye at Norton Bavant. 
The Freshwater Biological Association supported the project by 
providing the study site on the Bere Stream and also with field assistance 
and transport. It made additional laboratory facilities available at the 
River Laboratory and most of the work on the Wylye and the Bere Stream was 
carried out from there. 
Within the University, Professor G. Williams and Professor K. Simkiss, 
successive Heads of the Department of Zoology have provided help and encourage-
ment. Mr R. Mead and Dr R.H. Smith have continued to give valuable advice 
on statistical problems while Mr E. Snowden, Mr J.R. Coundon and Mrs M. Evans 
have also helped the team in various ways. Professor P. Allen kindly lent 
a caravan as a field laboratory and Mr G.E. Hooks gave practical help on a 
number of occasions. We are indebted to the Bursar's Department for looking 
after financial and personnel matters in which Mr R.G. Price, Mr J. Barker 
and Mrs B. Caldwell have given helpful advice and kept our affairs in order. 
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2. METHODS 
Detailed descriptions of the field and laboratory procedures used in this 
study have already been presented in the report for the period October 1970 to 
September 1973. Only new methodologies or variations on old procedures are detailed 
below. 
2.1 DATA COLLECTION 
2.1.1 Physical and chemical information 
At Bagnor water temperatures were measured by means of a continuous re-
cording thermograph. Four thermographs were in operation, one on the Winterbourne 
above the Bagnor outfall, one measuring outfall water temperature during pumping 
operations, one on the north channel of the Lambourn downstream of the Watermill 
Theatre, and one downstream of the road bridge between the shaded and unshaded 
sites. In the longitudinal survey of the Lambourn, spot water temperatures were 
taken each month using a thermometer. Thermographs were also in operation on the . 
Kennet at the Littlecote and upper Savernake sites and on the Dun at Freemans Marsh. 
During the longitudinal survey of the Lambourn, current velocities were 
taken each month at a fixed point using an Ott current meter. Water depths were 
measured each month with a depth pole at a fixed point. 
Discharge and chemical data were provided by the Thames Water Authority. 
2.1.2 Macrophytes 
Details of the growth and recession of macrophytes were recorded using 
the rapid mapping technique described in Section 2.2.1 of the previous report. 
In March 1976 the accuracy of this method (the 'points' method) was re-
checked against the original mapping (the 'detailed' method) and against a 
modified rapid technique (the 'rectangles' method). In the rectangles method the 
dominant and sub-dominant substrata within 0.5 m x 1.0 m rectangles were recorded 
instead of those at the interaction of the tapes of the 1 m grid system. The 
rectangles method was found to be the more accurate, rapid technique: the points 
method overestimated macrophytes which led to underestimates of silt and gravel 
(Table 1). In addition, between month comparisons using the points method were 
not as reliable as those obtained by the rectangles method, since variation was 
caused by slightly different locations of the strings each month. With the pro-
posal to test pump both the Winterbourne and upper Lambourn group boreholes, it 
was felt that the rectangles method would give a more accurate documentation of 
any changes that might take place. 
Table 1. Comparison of the three mapping methods carried out in May 1976 at the 
Bagnor sites (R = Ranunculus, B = Berula, C = Callitriche, G = Gravel, 
S = Silt) 
UNSHADED SITE (Transects 75-90 only) 
R B C G S others 
Rectangles 27.3 12.3 1.8 17.7 40.5 0.4 
Points 36.6 13.0 8.9 13.0 26.8 1.6 
Detailed 28.8 10.7 3.6 16.9 38.8 1.2 
SHADED SITE (Transects 0-10 only) 
Rectangles 11.0 20.0 0.6 27.7 40.7 
Points 9.4 16.8 11.4 21.8 40.6 
Detailed 12.9 19.1 1.7 24.9 41.2 
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The rectangles method was used in the Kennet and comparison of chalk 
stream studies and will be used in future work at the Bagnor sites, although at 
the Kennet sites records were made using a 1.0 x 1.0 m grid. The Dun was 
mapped using the points method; this degree of accuracy was thought adequate as 
the Dun was only mapped in June and December. 
Biomass estimates of macrophytes were obtained using material from the 
quantitative samples taken for invertebrates (Fig. 5). 
Fig. 5. Sampling and processing procedures for quantitative study of macrophytes 
and invertebrates. 
At Savernake prior to April 1975 processing of Schoenoplectus samples 
was slightly different from the method used subsequently. Sections of rhizome 
that were removed in the sample were included in the dry weight of the sample. 
Since the rhizome was very heavy in relation to the leaves, and also since a 
variable amount of rhizome was removed in each sample, the validity of these 
samples is questionable and the results have not been included in this report. 
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2.1.3 Invertebrates 
Quantitative invertebrate sampling at Bagnor was essentially the same 
as in previous years, five samples being taken from each of the five major 
biotopes at each site, but no dry weights for invertebrates were obtained (Fig. 5). 
At comparative chalk stream sites, usually five samples were taken on each of 
the major biotopes (Table 47, Section 5.4). 
To assess differences in life cycles between different rivers, Ephemer-
optera were chosen as indicator species since they are a characteristic and 
important element of the fauna of chalk streams and were abundant at all sites. 
Five-minute samples were taken with a pond net each week from March 1974 to April 
1976 at the Kennet, Dun and Bagnor sites. Two samples from each site, (fast and 
slow flowing areas) were taken. From April 1975 to April 1976 one sample from 
each of the comparative chalk stream study sites was also taken. Samples were 
preserved in formalin and the pre-emergent nymphs picked out. 
Five-minute samples were also taken with a pond net for longitudinal 
studies of the Lambourn and Winterbourne. These were brought back to the laboratory 
and picked live for up to 2 hours, to obtain a species list. 
2.1.4 Fish 
Electric fishing for trout and grayling was carried out yearly in 
October on the Dun, and at four sites on the Lambourn and in August 
on the Winterbourne. The three Kennet sites were fished every second month, when 
possible, from April 1974 to April 1976. Two fishings were carried out at each 
site on each sampling date so that population estimates could be made using the 
Seber-Le Cren two-catch method. The length of each fish was recorded and most 
were weighed and had scales removed for age determination. 
2.2 DATA ANALYSIS 
2.2.1 Macrophytes 
When calculating the mean percentage cover and confidence limits for 
macrophytes on a particular biotope, an arcsin transformation was used to 
normalize the data. Similarly biomass means and confidence limits were calculated 
using a square root transformation. 
Mapping gives information on percent cover and the plotting of results 
shows changes in area of different biotopes, but there is no indication of the 
dynamics of the processes involved. If there is little variation in the area of 
river covered by different biotopes, it is not possible to say whether there is 
no change in the system or there is a substantial amount of change but that 
colonization of new biotopes is balanced by losses from others. A computer pro-
gram was written to compare maps, thus enabling an assessment to be made of the 
growth, recession and interactions of the different macrophytes. This was 
achieved by counting (in terms of rectangles or points) the number of transitions 
from one biotope to another. 
2.2.2 Invertebrates 
The percentage cover of each of the five biotopes was known from the 
mapping and therefore the total area of each of these on each site could be 
derived. The estimated mean abundance of each taxon on each biotope was known 
from the quantitative samples and this, combined with the total area of each 
biotope, gave an estimate of the total number of animals for each biotope. 
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Summing these values for the five biotopes gave site estimates for each taxon. 
Minor unsampled elements of cover were distributed proportionately to each of 
the five biotopes. 
Another way of summarizing data on community structure is by means of 
a diversity measure. The index chosen was the Shannon-Wiener index: a hetero-
geneity index sensitive to changes in that part of a community of intermediate to 
rare abundance. As the majority of species in a fauna fall into this category 
and dominance was thought less important, the Shannon-Wiener index was considered 
the most appropriate measure for a preliminary analysis. 
The quantitative invertebrate sampling at many sites produced such a 
wealth of data, that difficulties of analysis often arose through the sheer bulk 
of the information available. In an attempt to find a suitable method for 
arranging samples into groups to provide a framework for more comprehensive 
analyses, Principal Components Analysis (P.C.A.) and cluster analysis have been 
tested on some of the data from Bagnor and from the comparative study of chalk 
streams. Preliminary results are discussed in the relevant sections (3.4.3 and 
5.4.4) as they give some information on community organisation as well as the 
suitability or otherwise of these types of analyses for the data. P.C.A. was 
used since it provides a helpful guide in the preliminary exploration of a 
complex field. It is a general method of displaying inter-relations in the data, 
but does not lead to a conclusion. P.C.A. groups data into sets according to 
the within row variance in the data matrix. The variance is used to generate 
variables called principal components. The first two principal components often 
account for a large proportion of the total variance and they can be used to 
characterise data sets. Although groups are generated, group components and 
similar groups are only similar statistically and are not necessarily related 
ecologically, so this type of analysis is useful for summarizing data in a way 
that may lead to the generation of a hypothesis which can then be tested. It is 
in no way a final analysis. 
Cluster analysis may be used with both qualitative and quantitative 
data. It produces a dendrogram which brings together samples which have similar 
communities in terms of species composition and frequency of occurrence. The 
clustering method used was group average, where the mean of the association 
coefficients between members of two clusters is taken as the measure of associa-
tion between clusters. The association coefficients used were the Sørenson 
(qualitative), Czekanowski (quantitative) and squared Euclidean distance indices. 
2.2.3 Fish 
For the comparison of means from small samples, Student's t-test was 
used and from large samples the standard normal deviate (d). 
Length-weight relationships were calculated using a logarithmic trans-
formation and regression analysis. Comparisons of the regression coefficients 
(b) were made as above, using t or d. Comparisons were only made using b's. 
The value of the intercept, a, given in the tables is the back transformed value. 
The significance level used for rejecting the null hypothesis was 
P 0.05. 
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3. THE LAMBOURN 
3.1 INTRODUCTION 
This chapter describes the results of the observations carried out 
at the two study sites on the Lambourn at Bagnor. It is important to view 
the results gained during the present period as supplementing those obtained 
during 1970-1973, since long runs of ecological data are more open to inter-
pretation than short ones. The treatment presented here is a general one 
and much detail has been omitted. A full analysis of the data is still being 
carried out. 
3.2 PHYSICAL AND CHEMICAL CONDITIONS 
Chalk streams are typically stable in their chemical and physical 
characteristics and the Lambourn is apparently no exception. Table 2 lists 
20 of the chemical and physical parameters for which monthly data are avail-
able for the period October 1973 to August 1976 (by courtesy of the Thames 
Water Authority). Monthly values for each parameter were very similar and 
the variation was often the result of one very low and/or one very high value 
within the study period. 
The values for suspended solids were generally close to the mean but 
there were noticeable differences in March 1974 (23.9 mg/1) and November 1974 
(25.2 mg/1) when the suspended solid load increased markedly. These increases 
occurred at the time when the springs broke and were probably caused by 
washout of accumulated sediments. 
Water temperature was recorded by a thermograph situated at Bagnor 
Watermill Theatre. Spot temperatures taken monthly fell within the range 
shown by the thermograph and act as a check for these data. The temperature 
regimes over the three years were very similar but 1976 had the greatest range. 
Table 2. Physical and chemical data, Lambourn, Watermill Theatre. October 
1973 - August 1976. 
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Fig. 6 shows the cumulative discharge of the Lambourn at Shaw 
for the period 1971-1976. Within this period a large range of annual discharges 
have been experienced but by a comparison with the 15 years' data available from 
the Shaw gauging station, 1972 and 1974 can be called average years whilst 
discharge in 1975 was well above normal and in 1973 well below normal. 
Discharge in 1976 was abnormally low and produced conditions in the river sub-
stantially different from those in previous years. 
A comparison of the discharge and water temperature data showed no 
obvious correlation. However, it is worth noting that when the springs broke 
early (November 1974) a higher winter water temperature than usual was recorded. 
There was a correlation between the median monthly air temperature at Reading 
and the water temperature at Bagnor (r = 0.9768, P < 0.001) and the relation-
ship was described by the equation: Bagnor water temperature °C = 0.619 (Reading 
air temperature °C) + 4.9. This relationship was not unexpected as it had been 
noticed that an increase in water temperature was often associated with hot sunny 
days. Thus the water temperature at Bagnor appears to be a function of both air 
temperature and discharge and an understanding of this relationship may be useful 
in elucidating the problems of growth and reproduction of the invertebrate and 
macrophyte community. 
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Fig. 6. Cumulative discharge of the Lambourn at Shaw, 1971 to 1976. 
16 
3.3 MACROPHYTES AND SEDIMENTS AT BAGNOR 
3.3.1 The unshaded site 1973-76 
This site is on the north channel of the Lambourn where it flows 
across open meadowland. Fig. 7 shows changes in the percentage of the river 
bed covered by the different macrophytes and substrata for the period October 
1973 - December 1976. The seasonal patterns of change of the different habitat 
types for the most part are influenced by the annual growth and recession of 
the dominant macrophyte, Ranunculus. 
Fig. 7. Changes in the percentage of the river bed covered by different 
macrophytes and substrata, October 1973 to December 1976, on the 
unshaded site. 
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In 1974 Ranunculus showed a pattern of growth similar to that observed 
in previous years. Growth started in March, but in April the spring bloom of 
epiphytic diatoms and the detritus associated with it appeared to hold back 
growth by shading the Ranunculus. Increase in area of Ranunculus was next 
observed in May and this was the beginning of spectacular summer growth which 
resulted in a maximum cover of 80% in August. Weed cutting, which was restric-
ted to a slight trim of a few of the weed beds, took place at the beginning of 
June. The summer growth of weed was followed by a recession due to the weed 
becoming senile and ripping out naturally. A third period of growth was obser-
ved in October although this increase was small in comparison to the spectacular 
summer growth. Weed was ripped out on a large scale in the high winter dis-
charge at the beginning of 1975. 
Growth of Ranunculus in 1975 did not conform to the pattern observed 
in 1974. The weed started to grow much earlier in 1975 than in other years, 
and by June had reached the maximum area recorded for June in any year. The 
early rapid growth of Ranunculus was probably brought about by the high discharge 
affecting growth in two ways: by directly increasing the rate of photosynthesis, 
and by restricting the spring bloom of epiphytic diatoms. Two substantial weed 
cuts took place, one at the beginning of June and the other in mid-July. The 
cuts restricted the area of weed to a maximum of 67%. Recession of the weed 
then occurred, with a small peak of growth being observed in October. 
The springs failed to break at the beginning of 1976 and this produced 
a different pattern of Ranunculus growth to that in 1974 and 1975. The low 
discharge allowed accumulation of a thick layer of epiphytic diatoms and detritus, 
which, by shading the Ranunculus, held back growth so that there was no increase 
in the area of weed before mid-June. The Ranunculus then began to grow despite 
decreasing discharge and once started, growth was spectacular. Between the 
beginning of June and August the area increased from 36% to 70%. It is probable 
that the Winterbourne group pumping test (5-26 July) favoured growth slightly 
through an increase in discharge, but as growth started prior to pumping, this 
factor was not responsible for the initiation of growth. By the end of August 
the weed was becoming senile and was unable to respond to the increase in dis-
charge produced by the full operation of the groundwater pumping scheme which 
started at that time. Recession followed naturally, and rip-out was probably 
assisted by the increase in discharge. 
Since Ranunculus predominantly colonised gravel, these two habitats 
showed an inverse relationship except in the drought conditions of 1976. 
Recession of Ranunculus at the end of 1975 exposed areas of silt which had for-
merly been colonised by this weed. Under normal discharge conditions this 
would have been removed by the current to expose large areas of gravel. Under 
the low discharge regime in 1976 this did not occur, and there was also deposi-
tion of silt on gravel areas, which reduced the area of gravel in the river 
still further. In June 1976 the area of silt reached the maximum recorded for 
this site. 
Berula and Callitriche were of minor importance at this site through-
out the period. The mean area of Berula increased during the period, but this 
could not be linked to any environmental factors.Cal l i t r i che also increased 
in area, but seemed to be favoured by low discharge in the autumn. It colonised 
Ranunculus beds as they became senile at the end of the summer and this was 
particularly pronounced in 1975 and 1976 under conditions of low discharge. 
It is interesting to note that the growth of Callitriche in 1976 was 
particularly good and this coincided with the period of operational pumping. 
This is comparable with the observations on Callitriche at the East Shefford 
site in 1975. 
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3.3.2 The shaded site 1973-76 
This site was situated on the north channel of the Lambourn where 
there was a continuous line of trees on the south bank, so that the river bed 
was heavily shaded. The changes in the percentage of the river bed covered 
by different macrophytes and substrata for the period October 1973 - December 
1976 are plotted in Fig. 8. The macrophytes provided a relatively stable 
cover of the river bed, with Berula being the dominant species. 
Fig. 8. Changes in the percentage of the river bed covered by different macro-
phytes and substrata, October 1973 to December 1976 on the shaded site. 
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The cover of Berula remained high throughout 1974. Ranunculus too showed a 
seasonal fluctuation similar to previous years with a summer peak of growth, 
but was unable to dominate Berula in the conditions of shade. In the high 
discharge conditions of 1975 Berula was unable to compete with Ranunculus, 
which consequently dominated the site during June and July until a substantial 
weed cut in July selectively reduced the area of Ranunculus. From December 
1975 - April 1976, even though discharge was decreasing, Berula was ripped out 
and reduced in area from 45% to 21% by May 1976. This exposed large areas of 
silt which had been under the weed. From February 1976 to June 1976 the river 
keeper put in an artificial barrier by the bridge at the downstream end of the 
site. This had the effect of increasing the depth of water on the site and 
considerably reducing the current speed which allowed deposition of silt over 
the whole site to give a cover of 42% silt in May 1976, the maximum ever re-
corded. Most of the weeds also became covered with a thick layer of silt and 
diatoms to give a shading effect that held back weed growth so much that 
Ranunculus failed to show a summer peak of growth. However, from June 1976 
onwards, Berula rapidly recolonised areas of the river where it had ripped out 
earlier in the year and by October 1976 it had reached a cover of 58%. 
Recovery of the species started naturally although it may have been influenced 
later by the increased flow resulting from the Winterbourne group test in July 
and operational pumping, which commenced at the end of August. The extremely 
low discharge in 1976 enabled the typically still water species Elodea 
canadensis to colonise this site. Large amounts of Elodea were mixed with the 
Berula and by September 1976 11% of the river bed was designated as being 
dominated by Elodea. This was reduced after the onset of operational pumping 
to an area of only 1% by December 1976. 
3.3.3 Seasonal changes in biomass 1973-76 
Sampling the invertebrate community on the two sites at Bagnor has 
also given a limited amount of information on the biomass of the different 
weeds (Fig. 9). Since only five samples were taken on each macrophyte, 95% 
confidence limits are wide. Despite the fact that the changes observed are 
not statistically significant, it is interesting to note that the highest June 
biomass of Ranunculus on the unshaded site corresponded to the high discharge 
of 1975, and the lowest June biomass occurred in the drought conditions of 
1976. Further sampling of the macrophytes could elucidate this relationship. 
However, there is evidence to suggest that the biomass of weed is not important 
in determining the biomass of the invertebrate community present and sufficient 
information on weed growth may be obtained from mapping. 
3.3.4 Seasonal patterns of growth 1971-76 
Long-term observations at Bagnor have been useful in establishing 
some of the patterns of growth and recession for the dominant species, and in 
assessing competition and interaction between these species. This type of 
analysis has just begun and only preliminary results are reported here. 
Results presented in this section use the number of transitions (the number of 
changes from one habitat type to another) rather than cover data, since the 
former reflect more accurately the nature of the changes that are occurring in 
the river. 
Much of the initial analysis has concentrated on Ranunculus on the 
unshaded site, since this displayed a seasonal pattern of growth and recession 
which appeared to respond to the physical environment. Plotting the mean 
number of gains for Ranunculus (Fig. 10) has established the typical pattern 
of growth on the unshaded site at Bagnor. This has already been described in 
terms of percentage cover in Section 3.3.1. 
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Fig. 9. Seasonal changes in the mean biomass of Ranunculus on the unshaded 
site and Berula on the shaded site. Mean and 95% confidence 
intervals calculated using a square root transformation. 
Fig. 11 presents the gains of Ranunculus from gravel and silt, which were the 
largest numerically. This shows the between-year variations and allows an 
assessment to be made of the years 1971-73 in the light of subsequent results. 
In March 1971 there was extensive dredging upstream from the site, which 
resulted in turbid water followed by deposition of silt which held back the 
growth of weed until May. The pattern of growth observed in 1972 was fairly 
typical, but in 1973 a slower rate of growth was recorded. To see if dis-
charge regime was an important factor controlling the growth of Ranunculus, 
the increase in area between March and the beginning of June was plotted 
against the mean discharge for March, April and May (Fig. 12). A positive 
relationship was clearly demonstrated between discharge and the growth of 
Ranunculus. The point for 1971 did not follow this trend because of dredging, 
for the reasons outlined above. Some of the processes which appear to con-
trol the growth of Ranunculus on the unshaded site at Bagnor are summarised 
in Fig. 13. 
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Fig. 10. The growth and recession of Ranunculus, 1971 to 1976, on the 
unshaded site. 
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Fig. 11. Colonisation by Ranunculus on the unshaded site. 
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Fig. 12. Change in area of Ranunculus in relation to discharge regime at 
the unshaded site. 
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Fig. 13. Conceptual model describing the growth of Ranunculus on the unshaded site. 
Losses of Ranunculus (Fig. 10) showed a less predictable pattern than 
gains. There was a peak in September which was partially due to weed cutting, 
but was also caused by the loss of senile Ranunculus beds. There was increased 
loss during the late winter period of high discharge. 
In conditions of low discharge, silt accumulated within Ranunculus 
beds as seen in 1976 and to a lesser extent 1973 (Fig. 14). High winter dis-
charge led to much of the silt being removed, and also prevented the accumula-
tion of silt within the weed beds during spring and summer. This resulted in 
a significantly higher proportion of Ranunculus being rooted in gravel in 1975. 
Fig. 14. The percentage of Ranunculus rooted in silt on the unshaded site. 
Means and 95% confidence intervals calculated using an arcsin 
transformation. 
On the shaded site long-term trends have been more difficult to 
establish. The plot of mean numbers of gains of Berula (Fig. 15) showed a 
more stable situation here than with Ranunculus on the unshaded site. The 
peak period for gains was during July to September and was mostly due to 
Ranunculus dying back to re-expose Berula which had been overgrown earlier. 
Gains from non-macrophyte substrata showed little change throughout the year 
and failed to show any relationships with temperature, light or discharge. 
The mean number of losses showed little seasonal pattern but a slightly 
increased rate during the winter months for losses to gravel and silt. 
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Fig. 15. The growth and recession of Berula, 1971 to 1976, on the shaded site. 
The Berula carpet has been ripped out on a large scale several times, such as 
at the beginning of 1976, but this was not seasonal. The Berula appeared to 
collect large amounts of silt within the carpet, the beds then became unstable 
and rip-out occurred. The timing may be determined by the amount of silt 
under the Berula carpet and the current speed. The factors which are thought 
to be important in controlling the area of Berula in the river are summarised 
in Fig. 16. 
3.3.5 Growth January - June 1977 
Changes on both sites at Bagnor January - June 1977 will not be 
discussed in detail in this section and will be summarised fully in a later 
report. A statement that the condition of the river in June 1977 was normal 
is sufficient to indicate that the macrophytes on both sites have recovered 
from any effects of the drought in 1976. On the unshaded site the growth of 
Ranunculus was rapid giving a cover of 74% by June. This was the pattern 
expected from the discharge regime of the river. Much of the silt that had 
been deposited was removed by the high discharge leaving a cover of only 1%. 
Growth of Berula and Callitriche was poor due to the overgrowth of both species 
of Ranunculus; a cover of 1% was recorded for Callitriche and for Berula. 
Growth of Ranunculus on the shaded site was good, but not as spectacular as 
in 1975. By June it had reached a cover of 23%. Some loss of the Berula 
carpet occurred during high discharge, and Ranunculus overgrew Berula along 
the north bank of the river causing a reduction of the area of Berula to 29%. 
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Fig. 16. Conceptual model describing the growth of Berula on the shaded site. 
Elodea which was recorded as subdominant in most squares in December 1976 was 
ripped out so that it was no longer present on most of the site. The area of 
silt was 16% and Callitriche was 5%, both typical for the time of year. 
3.4 THE INVERTEBRATES AT BAGNOR 
3.4.1 Introduction 
The analysis of the invertebrate data is still in the preliminary 
stages, but the general treatment outlined below has revealed trends which 
are being analysed more fully. For the majority of the analyses the taxon 
used has been the family, due to the reliability of identification and the 
comparability of taxa at this level. 
Over the period October 1973 - June 1977 the number of taxa occurring 
on each of the five sampled substrata has not varied greatly (Table 3). Both 
silt and gravel are thought to be rather homogeneous biotopes with relatively 
low structural complexity and simple current patterns. A macrophyte bed has 
rather more structural complexity and a complicated gradation of current 
speed from high to low velocity within it. Thus the pattern on the unshaded 
site of more taxa in macrophyte samples than on gravel and silt is not un-
expected since the more complex habitat should have more niches and the macro-
phyte samples also include the underlying substrata with their associated 
communities. On the shaded site this trend is not as clear. 
Table 3. Number of different taxa per biotope at Bagnor (B = Berula, 
C = Callitriche, S = Silt, G = Gravel, R = Ranunculus, 
NS = No sample) 
29 
On the shaded site in December samples, there was an increase in 
taxa from 45 in 1973 to 52 in 1976. This rise cannot be attributed to an 
increase in the area of one particular substratum. It was also seen on both 
sites in June, except for June 1977, and on the unshaded site in December. 
These increases in taxa are real in that they are not due to any change in 
identification techniques and may be part of long-term cycles of occurrences. 
The taxa present on each site do not change greatly from June to June or 
December to December and the two sites are very similar in their components 
(Table 4). Most of the major differences between June and December can be 
explained by life cycle phenomena. For example, the family Leptophlebiidae 
(Ephemeroptera) are absent in all June samples on both sites and yet are 
present in all but one of the December samples. Studies on life histories, 
reported by other workers, show that leptophlebiids are usually adults in 
June, and are therefore not found in the river, whilst in December, they are 
half grown nymphs and are therefore present in the samples. With this in 
mind no great year to year variation at the family level has been noted 
during the four year period of this report. 
3.4.2 Seasonal abundance and distribution 
During the period October 1973 - June 1977 the invertebrate sampling 
programme has been directed towards obtaining quantitative estimates of the 
densities of each taxon on each substratum. Although confidence limits for 
five samples on a given biotope are frequently wider than hoped for, the way 
in which estimates frequently follow similar patterns on the two sites 
suggests that the sampling programme, whilst not ideal, is adequate. A large 
amount of data has been generated, but because the sampling was only carried 
out twice yearly it is more informative to consider this information to-
gether with that obtained from March 1971 - September 1973 than by itself, 
and this is the approach used below. 
The quantitative data can be used to assess the biotope preferences, 
if any, of each family, or of the animal community as a whole. December 
densities are a measure of the overwintering populations available for re-
production in the following spring and between-year comparison of these may 
give information on their potential summer performance. The June data may 
be affected by life cycle phenomena, especially when dealing with multivoltine 
insects, as the sampling occasion may fall during an adult flight period or 
during the early or late stages of larval life. Life cycle effects should 
be minimal during winter and the use of December data for assessing between-
year differences may therefore be more informative. 
A histogram of the mean number of animals per square metre on each 
of the five biotopes is shown in Fig. 17. The microbenthic Cladocera, 
Copepoda, Nematoda and Ostracoda are excluded as the sampling method used is 
not efficient for these groups. On both sites there is a tendency for the 
non-macrophyte habitats, silt and gravel, to have lower densities of animals 
than the other habitats. On the shaded site Callitriche sometimes supports 
the highest densities but on the unshaded site there is a tendency for higher 
densities to occur on Berula and Ranunculus, with the highest density re-
corded (120,000 animals m~2) being on Berula in June 1976. There appear to 
be no consistent differences between the two sites except that the shaded 
site tends to have overall lower densities of animals in the latter part of 
the study period. 
Four taxa have been chosen for treatment as they are important 
components of the community and detailed work on them has previously been 
reported. It must be emphasised that similar information exists for the other 
taxa but has been omitted because of limitations of space. 
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Fig. 17. Total densities of the invertebrates on the five biotopes of the shaded and unshaded sites, June 1971 
to June 1977. NS = not sampled. 
Table 4. Records of taxa from the two sites at Bagnor 1971-1977. 
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Table 4. - continued 
Simuliidae 
Previous findings are confirmed: higher mean densities were found 
on Berula and Ranunculus. There is a slight difference between sites as on 
the shaded site maximum numbers tend to occur on Berula but on Ranunculus at 
the unshaded site (Fig. 18). This may be a reflection of the different 
dominant macrophyte at each site. Over the six Decembers of the study period, 
the Simuliidae on the shaded site showed a gradual build up of numbers on 
Berula from 1971 and then a decline to a 1976 value of 4600 m-2. They 
reached their highest density of 11,000 m-2 on Berula in 1974. On Ranunculus 
at the shaded site, densities remained fairly stable at approximately 2000 
animals m , however, 1976 was an exception as densities reached 11,000 m-2. 
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These changes in density of simuliids do not show any relationship with the 
area of each of the biotopes available at the time. Densities on the unshaded 
site are consistently lower than those on the shaded one, and the maximum of 
4250 m-2 was on Ranunculus in 1974. The interpretation of June densities for 
simuliids presents some difficulties since several species with different life 
histories are involved. The overwintering stages should have emerged by June 
and be present either as well developed first generation larvae or young 
second generation larvae. The intensive study in 1971 showed that June 
sampling did not coincide with the maximum density of Simuliidae as this 
occurred in September on both sites on the major biotopes. The June figures 
show that the best years for the group were, respectively, 1975, 1974 and 1977 
on the shaded site and 1977, 1974 and 1975 on the unshaded site. 
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Fig. 18. Density of Simuliidae on the five biotopes of the two study sites, June 1971 to June 1977. 
NS = not sampled. 
When the data for cumulative discharge in May of each year are examined 
(invertebrate samples are taken at the beginning of a month) the years in 
which values greater than the 1974 norm occur are 1971, 1972, 1977 and 1975. 
In 1971 the dredging operation upstream of the sites occurred and the re-
sulting silt load would be detrimental, especially to filter-feeders such 
as the Simuliidae. Repair work on hatches at the Watermill Theatre in 1972 
also altered flow conditions; this may have occurred at a critical time for 
simuliids on the two sites. Bearing these two points in mind, there is the 
possibility of a relationship between years of above average discharge and 
Simuliidae densities. Each of the high June densities is associated with a 
high overwintering population in the preceding December. It is not known 
if such a relationship is the result of high water velocity and above average 
overwintering temperature accelerating larval maturation thus allowing second 
generation larvae to be in June samples in high flow years. Conversely, in 
the remaining years the June samples may coincide with the flight period of 
the population. Some evidence is available to support the former idea, for 
in years of high Simuliidae densities very large numbers of very small larvae 
are present, implying that they are a new generation. It is still possible 
that this effect is due to one or more environmental parameters which are not 
being monitored. 
Baetidae 
The pattern of abundance of the Baetidae is similar to that des-
cribed above for the Simuliidae. The December counts are for the over-
wintering nymphs whereas June samples should contain the family in or around 
its first summer generation. Fig. 19 shows no habitat preference in December 
for baetids and this could well be linked to their mobile habit. The maximum 
density recorded is 2000 m-2 in December 1976 with the next highest of 
1000 m-2 recorded in 1975. In June, however, there does appear to be a 
definite preference for the macrophyte biotopes. June densities on the 
shaded site reached a maximum in 1975 with 7500 m-2 (on Ranunculus) closely 
followed in descending order by 1977, 1974 and 1971 whilst on the unshaded 
site the maximum density of 8000 m-2 occurred in 1977 (also on Ranunculus) 
followed by 1974, 1975 and 1971. Similarities of occurrence between high 
densities of Simuliidae and Baetidae are apparent, except in 1971, when there 
were low populations of simuliids. A possible explanation may be that baetids 
are less severely affected by siltation and more prone to drift; this would 
have assisted recolonisation after dredging had finished in spring 1971. 
Gammaridae 
The amphipod crustacean, Gammarus pulex is an important constituent 
of the invertebrate community both numerically and because of its importance 
as food for fish. The family Gammaridae differs from the previous two 
examples in that it is almost monospecific, it is entirely aquatic and it 
reaches its maximum density on all biotopes during the winter period. Size 
frequency studies on the 1971-1972 data have shown that individuals present 
in December are mostly within the size range 0 - 3 mm and suggest that little 
or no recruitment occurs during the next few months. The result is that June 
samples probably capture a few older individuals from the previous year 
together with the first of the current year's generation. Gammarus pulex 
plays an important role in the physical breakdown of leaf litter and other 
organic debris within the river. Because of this its numbers increase at 
the end of the year when leaf fall occurs and aquatic macrophytes senesce, 
rip-out and supply large quantities of food. Over the study period there are 
approximately equal densities on both sites in December, except December 1973 
when a density of only 10,000 m-2 was reached on the shaded site and only 
6000 m-2 on the unshaded one (Fig. 20). The general pattern over the Decembers 
of 1973-1976 is one of high densities in 1973 and 1976 and slightly lower 
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Fig. 19. Density of Baetidae on the five biotopes of the two study sites, June 1971 to June 1977. 
NS = not sampled. 
Fig. 20. Density of Gammaridae on the five biotopes of the two study sites, June 1971 to June 1977. 
NS = not sampled. 
densities in 1974 and 1975. Habitat preferences are not very well-defined 
except that Gammarus is normally scarce on silt. Although Gammarus is a 
detritivore, the food size particles that it prefers are to be found within 
and beneath weedbeds as opposed to the fine organic debris associated with 
the silt biotope. June samples of Gammarus show 1974 as a good year 
(6000 m-2, Berula, unshaded site). The Junes of 1972 and 1975 are notable 
for their low densities whilst 1977 shows the highest density yet recorded 
(29,000 m-2) and also the greatest average density for a site. 
Elminthidae 
Even though five species of this family have been recorded at Bagnor 
during the study period, and three of these on a regular basis, the most 
common is Elmis aenea (87% of all Elminthids). Thus the densities plotted 
for Elminthidae on all biotopes can be treated as though the group were 
monospecific. Other studies on the life history of Elmis together with data 
collected during the 1971-1972 study period (recently re-analysed) have been 
useful in elucidating the life history of the Bagnor population. During the 
intensive study period of 1971-1972 the Elmis larvae were classed by overall 
body length and placed in millimetre size groups. Fig. 21 shows these measure-
ments plotted as histograms so that for each month the total count sums to 
100%. Other workers have used the length of the ninth abdominal segment or 
prothoracic length to distinguish between the six larval instars, but the 
work figured here, even using the cruder measure, still shows the major 
features of the life history. 
Commencing at the top of Fig. 21, eggs are laid during the spring 
and by the time the majority of larvae are large enough to be sampled they 
are in the 1 mm length class and already well into their first or second 
instar. Thus the peak of first and second instars is about October. By 
December they have developed so that the majority are in the 2 mm and 3 mm 
size groups. The small peaks in June/July in the 2 mm class and July/August 
in the 3 mm class are thought to be due to overlapping of two generations. 
Growth over winter is slow due to low temperatures so that the majority of 
the cohort reaches the 3 mm size class in March, almost a year after the eggs 
are laid. This cohort then resumes its development through the 4 mm class 
in April to result in final instar (5 mm) larvae in May/June. These final 
instar larvae will then leave the water to pupate and return to the river 
after emergence in the late autumn to overwinter as young adults before re-
starting the cycle again with eggs in spring. So the life cycle is one of at 
least two years with one winter spent as larva and the next as a young adult. 
However, complications arise from the fact that it is possible for larvae to 
overwinter in their fourth and fifth instars (3 mm and 4 mm groups) rather 
than pupating, thus making it a three year cycle and blurring the distinction 
between cohorts. 
From this life cycle it is possible to see that in June there 
should be an absence of small larvae from the samples as they would be too 
small to be retained by a 40 mesh/inch sieve. In December, that year's 
larvae will have developed so as to be represented in the 2 mm and 3 mm size 
classes and will be present with the overwintering members of the 4 mm class. 
This life cycle could explain the stability of densities observed on both 
the Bagnor sites in June and December for it would require two unfavourable 
years in succession to severely alter the number captured. 
The maximum density recorded in any June of the study is 1600 m-2 
in 1974 (shaded site, gravel) and 1972 (unshaded site, Berula); there is. 
very little evidence for biotope preference although elminths are scarce on 
silt (Fig. 22). December densities were more variable, reaching a maximum 
recorded density of 5000 m-2 (1972 shaded site Berula) with a similarly high 
value on Berula on the unshaded site of that year. Over the rest of the 
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Fig. 21. Life cycle of Elmis aenea. 
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Fig. 22. Density of Elminthidae on the five biotopes of the two study sites, June 1971 to June 1977. 
NS = not sampled. 
period there was very little variability in the densities between biotopes. 
In December there is a slight tendency for Berula to have the highest densities. 
3.4.3 Community analysis 
This section provides a holistic treatment of the data obtained from 
the six-monthly quantitative sampling programme for the period June 1971 -
December 1976. 
Site Estimates 
Information on the percentage cover of the different biotopes is 
integrated with the information on animal densities to produce an estimate of 
the number of animals present on the whole site on each sampling occasion. 
For the present the data are treated as normally distributed so the figure 
produced is an arithmetic mean. 
Fig. 23a shows the estimated total number of animals at each site 
during the study period. This figure excludes a small number of taxa not 
regarded as normal members of the macrobenthos (the Copepoda, Cladocera, 
Nematoda and Ostracoda) and which are inefficiently sampled by the Lambourn 
sampler. The two sites show the same trend of an increase in the numbers of 
individuals on the sites, from about 8 million in June 1971 to about 25 million 
in June 1977. This is not attributable to an increase in the number of taxa 
(Fig. 23b). Similarities between sites are not unexpected since the two sites 
are only 200 m apart and have the same five biotypes. 
Site estimates have been calculated for all taxa but four taxa have 
been chosen to illustrate the type of information available: Simuliidae, 
Baetidae, Gammaridae (mainly Gammarus pulex) and Elminthidae (mainly Elmis 
aenea) (Figs. 24 & 25). The figure also includes the monthly data for March 
1971 - February 1972 so that the magnitude and timing of seasonal changes in 
population estimates may be assessed. 
The estimates for Simuliidae (Fig. 24) show changes of several orders 
of magnitude between sampling occasion, the range being from 0.001 million to 
5.2 million. The two sites show the same trend of very small populations 
occurring in the Junes of 1972, 1973 and 1976; perhaps due to reduced dis-
charges in 1973 and 1976 and siltation of the macrophytes. There is no 
evidence of an overall increase in the Simuliidae population as all the peak 
numbers occur in the range found in the 1971-1972 intensive study. However, 
it is possible that such an increase has been masked by the June sampling 
missing the peak abundances of Simuliidae as they are multi-voltine. 
In contrast to the Simuliidae, the estimates for the Baetidae show 
a much narrower range (Fig. 24) of 0.16 million to 2.0 million, with both 
sites having very similar densities. Like the Simuliidae, low densities 
occurred in the Junes of 1972, 1973 and 1976. There is a noticeable increase 
in the total population, evidenced by both June and December figures, through 
the study period. 
The populations of the Gammaridae are relatively stable at both 
sites (Fig. 25). However, the estimates made between March 1971 and February 
1972 show that during the spring and autumn the populations are liable to 
rapid fluctuations before they become more stable during the autumn and early 
winter. On no occasions are June estimates larger than those of the following 
December and the only occasion when June values at both sites were only 
slightly lower than the adjacent December values was in June 1974. 
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Fig. 23. Estimated number of macroinvertebrates, number of taxa (= families), 
Shannon-Wiener diversity index and equitability for the two study 
sites, June 1971 to June 1977. Monthly mean discharge at Shaw 
indicates periods of low discharge. 
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Fig. 25. Site estimates for the Elminthidae and Gammaridae on the two study 
sites, March 1971 to June 1977. 
The elminthid beetles also show very stable and similar populations 
at both sites (Fig. 25). The seasonal fluctuations including the very low 
numbers recorded in August 1971 all agree with the known features of the life 
cycle (Section 3.4.2). 
Table 5 lists the fifteen dominant taxa on the two sites at Bagnor; 
all but one of them have estimates that exceed 100,000 individuals on both 
sites in a June or December. The figures recorded against each taxon indicate 
the number of years in which the site estimate exceeded the value indicated 
at the head of the table. Simuliidae span five of the log-series categories 
in December and eight of the possible nine in June. Baetidae are slightly 
less variable spanning four categories in December and six in June. The 
Gammaridae have a stable population crossing two classes in December and three 
in June, whilst Eminthidae are very stable being limited to a single class in 
December and three in June. 
The average amplitude of variation in both June and December is 
across four categories. Using this criterion the Hydrobiidae, Simuliidae and 
Glossosomatidae show an extreme variability of population numbers in both 
June and December whilst in June the Baetidae and Ephemerellidae are also very 
variable. Very stable populations are shown by the Gammaridae, Hydroptilidae-
and Caenidae. 
Most taxa are more abundant in December than in June; a few occur 
in broadly similar numbers in each season; but only three groups (Chironomidae, 
Baetidae and Ephemerellidae) regularly show peak estimates in summer. Most 
taxa also showed more than one order of magnitude change between years. 
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Table 5. The range of site estimates recorded for the 15 dominant taxa of the 
macrobenthos on the sites on the Lambourn at Bagnor. Figures re-
corded against each taxon indicate the number of years in which the 
site estimate exceeded the value at the top of the table. Data for 
December 1971-76 and June 1971-77 may be compared directly. Figures 
in brackets are for shaded site, figures not in brackets are for the 
unshaded site. 
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The between June changes in area of Ranunculus (where many invertebrates occur 
in high densities) are in the range of x3, so clearly area of Ranunculus alone 
is not the most important factor determining the population levels of inverte-
brates. This suggests that living space may not be so much of a limiting 
factor as food availability. For example, the Chironomidae occurred in high-
est numbers in June 1976, when the area of Ranunculus was low, but the avail-
ability of epiphytic diatoms and associated detritus was probably very high. 
Figs. 23a & b indicate site estimates for the total number of 
animals and the number of taxa at each site. One way of representing these 
two parameters together is by use of the Shannon-Wiener diversity index (Hs) 
(Fig. 23c). Diversity has been fairly stable with two big drops at both sites 
in June 1973 and June 1976. In addition, at the shaded site there was a 
smaller drop in diversity in June 1972. 
The changes in diversity may be explained in relation to discharge. 
In June 1972 the shaded site was affected by hatch repairs upstream resulting 
in discharge over the site consisting primarily of the Winterbourne outflow. 
This was smaller than the usual discharge and the site experienced the equi-
valent of a mild drought. The unshaded site did not suffer the reduction of 
discharge and thus there was no effect on diversity. In June 1973 the whole 
river experienced a mild drought and diversity declined from 2.25 to 1.5. 
1972 and 1974 had a similar discharge pattern (Fig. 23e) and diversities for 
these years are very similar. In 1975 the highest discharge of the study 
period was experienced and this slightly depressed diversity. In 1976 the 
lowest discharge was recorded and also the lowest diversity values. 
Equitability (Fig. 23d) expresses Hs as a fraction of its maximum 
value (H max) theoretically possible for the number of taxa present, when all 
individuals are evenly distributed between the taxa. Since the number of 
taxa is high and consistent in all cases, changes in diversity and equitability 
parallel one another quite closely. The low values of equitability indicate 
a fauna numerically dominated by relatively few taxa. 
The low diversity and equitability values observed in June 1972 
(shaded site only) and June 1973 and 1976 suggest a fauna numerically domina-
ted by a few taxa. In June 1972 at the shaded site, the most abundant taxon 
was the Chironomidae and to test if low diversity was caused by this group, 
Hs was recalculated omitting the Chironomidae. Diversity rose from 1.67 to 
2.36 which is comparable to the value of 2.29 at the unshaded site. Recalcula-
tion of Hs for the unshaded site in a similar way gave a little changed 
value of 2.49. 
The above suggests that an abundance of Chironomids may account for 
the low diversity values of June 1972, 1973 and 1976. A possible explanation 
is that the low discharge conditions allowed thick growths of epiphytic algae 
on the macrophytes (probably through the diatoms not being washed off the 
plants). This in turn would encourage large populations of orthocladiines to 
flourish since they feed on diatoms and detritus. 
A disadvantage of the Shannon-Wiener diversity index is that data 
are bulked in calculating it, with a resultant loss of information; it cannot 
therefore distinguish intersample changes in taxon abundance. To overcome 
this failing the Czeckanowski similarity index, which compares data sets 
taxon by taxon, was calculated for each sampling occasion (Table 6). Calcula-
tions were carried out using raw and ln(n + 1) transformed data. A similarity 
coefficient greater than 0.5 is significant at P < 0.001. 
Using 1974 as a standard because of its normal discharge (Section 
3.2) the following comparisons may be made (based on untransformed data). 
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The shaded site in June 1974 shows greatest similarity with 1971, 1975 and 
1977 (Table 6) which are average or high discharge years. The severe drought 
year of 1976 is only significantly similar to 1973, the year of the mild 
drought. The high discharge year 1975 shows similarities with 1972, 1973, 
1974 and 1977. The years 1972 and 1973 are significantly similar and present 
evidence for suggesting that hatch repairs in 1972 simulated mild drought 
conditions. 
Information on the unshaded site (Table 6) is slightly different 
from the shaded site. There are significant similarities between average and 
high discharge years and the drought years of 1973 and 1976. However, there 
is an unexpected similarity between 1971 and 1973 whilst the significant 
similarity between 1973 and 1975 indicates that mild drought and high dis-
charge conditions may have similar effects on the river system as suggested 
by diversity figures and by the survival of trout fry. 
All similarity values for December at the shaded site are over 0.5 
and therefore significant. This, together with the decreased range of values, 
illustrates the stability of the invertebrate community in winter in the 
absence of life cycle effects. 
The situation at the unshaded site in December is similar to that 
at the shaded site. All but two similarity values are significant and the 
range of the values is smaller than in June. Three of the highest five 
similarities on each site are between the same year combinations suggesting 
that the controlling factors of the invertebrate communities affected both 
sites in the same way, at least on these three occasions. 
The effect of the 1n(n + 1) transformation is to give a more equal 
weighting between taxa, thus taking more into account the less abundant taxa 
which make up the bulk of the species complement. The results of calculating 
similarity indices with transformed data are shown in Table 6. All between 
year comparisons become significant, the lowest value is 0.796 and the high-
est 0.926. Index values for December are generally higher than for June. 
The analysis using untransformed data is utilizing information on 
dominance whereas that using transformed data is more concerned with common 
occurrences of members of the species complement. Thus the latter high-
lights the underlying similarity of the fauna from year to year when life 
cycle effects, such as population increases in summer and effects caused by 
fluctuating physical parameters are diminished. 
Principal Components Analysis 
Data from the unshaded and shaded sites were also analysed by 
principal components analysis. Inspection of the results suggested that the 
first component was perhaps related to population size and the second com-
ponent perhaps related directly or indirectly to discharge. Fig. 26 shows 
a plot of the first component against the second component for June and 
December at both sites using the means of five samples per habitat considered 
over the years 1971-1976. This presentation gives an indication of the 
degree to which different habitats carry distinct population densities and 
compositions. The first component separates macrophytes from detritus and 
gravel. The second component separates gravel from the other habitats. 
The variation being considered is that between habitats in terms of their 
invertebrate population. The largest amount accounted for by both components 
is 87% (June 1976) and the least 61% (December 1974); both covariance and 
correlation matrices giving similar results. This indicates that the 
variances between habitats are similar. 
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Table 6. Between year Czeckanowski similarity coefficients for the Bagnor sites. The upper half-matrix was calculated 
using a ln(n + 1) transformation and the lower half-matrix using arithmetic data. The diagonal shows the 
site estimates. 
Table 6. - continued 
Fig. 26. Principal component analysis of the arithmetic means of five 
samples per biotope considered over the years 1971 to 1976 for 
the two study sites. 
Principal component analysis has given some help in showing con-
sistent patterns in the data and using the outcome of this analysis further 
investigation will be carried out using multiple regression and rank 
correlation techniques to try and identify more closely those factors 
associated with the first two principal components. 
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3.5 FISH AT BAGNOR 
3.5.1 Trout 
The size structure of the trout population in each October for the 
period 1973-1976 is shown in Fig. 27. The size distribution is broadly the 
same in each year, although in 1975 the proportion of 0+ fish in the popula-
tion was 23%, the lowest figure recorded in the six years of study. This 
corresponded to the year with the highest mean monthly discharge. Table 7 
shows the relationship between April discharge and the proportion of 0+ fish 
in the population in the subsequent October for the six years of the study. 
In general high April discharges tend to decrease survival of 0+ trout. 
The figure for 1976 does not fit in with this trend, but April discharge was 
very low in this year and it is possible that low as well as high discharge 
increases mortality, giving maximum survival at an optimum April discharge 
of about 1.5 cumecs. 
Table 7. April discharge and the proportion of 0+ trout in the population 
in October. 
The mean lengths and weights of each age class of trout for each of 
the October fishings in 1974-1976, together with comparative data for the 
period 1971-1973 are given in Table 8. The data are very consistent and show 
very few significant differences from year to year. The 0+ and 1+ year 
classes are the only ones to show any significant yearly variation: 0+ fish 
were longer and heavier in 1973 and 1974 than in other years and both 0+ and 
1+ fish were shorter and lighter in 1972 and 1975 than in other years. In 
general, the longest 0+ fish were caught in years when there were most 0+ fish 
in the population (1973, 1974) and the shortest fish were caught when there 
were few fish in the population (1975). That is, good survivorship occurred 
in years of good growth, but this relationship was not found to be statistically 
significant. 
The length-weight relationship for each October fishing during the 
study period is shown in Table 9. The relationship is quite constant from 
year to year, although the value of b for 1973 is significantly different 
(P < 0.001) from all other years except 1971. 
The condition factor (k) was calculated and varied from year to year 
in each age class. This appeared to have some relationship with the discharge 
regime: trout were generally in better condition at lower discharge levels 
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Table 8. Mean lengths and weights of trout (x ± 95% confidence limits) of all age classes through the six year study 
period in October; n = number in sample. 
Fig. 27. Length-frequency distributions of trout at Bagnor in October of 
each year. 
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than at high ones. To explore further the growth of trout under different 
discharge regimes, instantaneous growth rates (G) were calculated and plotted 
against mean monthly discharge during the growth period (Fig. 28). The 
general trend of a decrease in G with increased discharge is shown by all 
age classes, although it is not so clear in older fish since their growth 
rate is much slower. 
Table 9. Length-weight relationships for trout in October through the six-
year study period w = alb; n = number in sample; r2 = co-
efficient of determination. 
The six year study on the trout has demonstrated that the growth 
and recruitment of the trout is dependant upon the level of water discharge 
or some environmental parameter closely associated with it. 
Population Estimates 
Since 0+ trout were not as susceptible to the fishing technique 
as older fish, for the purpose of estimating trout populations fish were 
divided into two groups: 0+ fish and fish older than 0+. The numbers 
caught and the estimates derived from these are shown in Table 10. The 
estimates are similar to those for 1971 and 1972 in October although the 
estimates for 1976 are rather low. 
Table 10. Numbers of trout at the study sites in October. The number of 
fish caught and the estimated number based on this are given. 
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Fig. 28. The relationship between instantaneous growth rate (G) of each 
age class of trout at Bagnor and mean discharge during April 
to October of each year. 
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Densities and Biomass 
The densities and biomass of 0+ and >0+ trout are shown in Table 11. 
The decline in numbers recorded in the previous report was not continued in 
any dramatic manner, 1974 being a relatively good year, although there was 
a general decline in trout densities over the study period. Since the mean 
weight of a fish has remained fairly constant the biomass figures reflected 
this trend and showed a general decline over the period. 
3.5.2 Grayling 
The size structure of the grayling populations in each October for 
1973-1976 is shown in Fig. 29. Although the modes are in roughly the same 
position from year to year, the size distribution is not stable: 1973 has 
a high proportion of 0+ fish but 1975 has a very low proportion of 0+ fish. 
1975 has a large number of fish in the 15-24 cm size range and 1976 a large 
number of fish in the >24 cm size range. It is likely that flow regime will 
have an effect on the grayling population through egg mortality, caused by 
the washing of eggs from gravel beds during periods of high discharge and 
through the availability of invertebrates for food. Table 12 indicates the 
proportion of grayling in each of three size classes: <15 cm, 15-24 cm and 
>24 cm, roughly representing 0+, 1+, 2+ and 3+ fish respectively. The years 
are annotated as average, low or high discharge years (Section 3.2). 0+ 
grayling are not very susceptible to the fishing technique used but even so, 
their catchability is likely to be about the same on each fishing occasion. 
It appears from Table 12 that high discharge is associated with low numbers 
of 0+ grayling but periods of low discharge favour high 0+ densities. 
Conversely, high discharge seems to favour large numbers of 1+ fish, perhaps 
due to a greater availability of invertebrates. The discharge regime seems 
to have little effect on 2+ and 3+ fish. These observations agree with 
those made in 1971 and 1972. 
The mean lengths and weights of each age class of grayling caught 
during the period are shown in Table 13. Between year comparisons of these 
data (all differences significant at P = 0.05 or less) indicate that the 
age classes do not respond similarly to the environment in each year. On-
fish grew slowly in 1974 and 1975 and grew well in 1973 and 1976. 1+ fish 
also grew badly in 1975 but in 1974 they grew better than in any other year. 
There were no differences in the growth of 2+ fish and although 1973 fish 
were longer and heavier than those from other years they were not signifi-
cantly so. Unlike any of the other age groups 3+ fish showed their best 
growth in 1971 and 1972 and whilst poorest growth occurred in 1975 it was 
not significantly poorer than growth in 1973, 1974 or 1976, although the 
number of fish on which this comparison was made was quite small. 
The length-weight relationship for grayling for each of the six 
years of study are summarized in Table 14. The values of b for 1974 and 
1976 are significantly lower than the values for 1972, 1973 and 1975 
(P = 0.05 or less). 
The condition factor (k) was calculated (Table 15). It varies from 
year to year and tends to increase with the age of the fish. There was no 
apparent relationship between discharge and k. 
Some of the data presented above suggest that there is a correla-
tion between the growth of grayling and the discharge regime. To investi-
gate this further, instantaneous growth rates (G) for each age class were 
calculated and plotted against the respective mean monthly discharge for the 
growth period (April - September) (Fig. 30). The general trend shown for O+ 
to 2+ fish is a decrease of G with an increase in discharge. The only age 
group whose growth is apparently independant of discharge is the 3+ group. 
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Fig. 29. Length-frequency distributions of grayling at Bagnor in October 
of each year. 
Table 13. Mean lengths and weights of grayling (x ± 95% confidence limits) of all age classes in October, through the 
six year study period; n = number in sample. 

Table 17. Grayling population densities (N)and biomass (B g) per 100 m-2 at the study sites in October 
(w = mean weight of fish in g) (Figures in brackets are based on one catch only) 
Fig. 30. The relationship between instantaneous growth rate (G) of each 
age class of grayling at Bagnor and mean discharge during April 
to October of each year 
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Thus the six year study of the grayling population at Bagnor has 
demonstrated that their growth and recruitment is related to the level of 
water discharge or some environmental parameter closely associated with it. 
Population Estimates 
For the purpose of estimating population densities, the grayling 
were divided into two groups: 0+ and 1+ and older fish. The numbers of 
fish caught and the estimates derived from these are shown in Table 16. 
Little can be said about these figures except that they are similar to 
those obtained in 1971 and 1972. 
Densities and Biomass 
The density and biomass of grayling are indicated in Table 17. 
These figures are not as reliable as those for trout since grayling are 
not so well represented in the catches. The mean density and biomass of 
grayling over 1 year old over all sites for the four years is 0.67/100 m-2 
and 121 g/100 m-2. These figures are close to those for the 1971-1973 
period (in August) of 0.63/100 m-2 and 138 g/100 m-2. 
3.5.3 Additional Fishing 
In November 1973 a one kilometre stretch of the Lambourn at 
Bagnor was fished. The main aims of this fishing were to have a last full 
assessment of the trout and grayling populations before the fishing rights 
were lost and to make a final assessment of marked fish, especially the 
remaining marks made in August 1971. Any trout marked would have been at 
least in the 1+ age class then and so would have been over 3½ years old by 
November 1973. The results are shown in Fig. 31 and Table 18. 
Table 18. Mean lengths of trout and grayling from a one kilometre stretch 
of the Lambourn at Bagnor in November 1973 
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Fig. 31. Length-frequency distribution of (a) trout and (b) grayling from one kilometre of the 
Lambourn at Bagnor in November 1973. 
These figures are very similar to those obtained in the October fishing at 
Bagnor and indicate that growth had stopped for the winter. 
Thirteen trout (3% of the total catch) were caught with marks 
made in August 1971. Five were male fish (range 27.5 to 37.8 cm, mean 
length 31.2 cm, standard deviation 4.0) and seven were female fish (range 
25.8 to 31.4 cm, mean length 27.6 cm, standard deviation 2.1). 
3.6 LONGITUDINAL STUDIES 
A longitudinal survey of the river was carried out from March 
1974 to December 1974 to determine the distribution and growth of macro-
phytes and to evaluate the relevance of observations at Bagnor to other 
sections of the river. The study was repeated from May 1976 to August 
1977 and also included work on the invertebrates in an attempt to assess 
the effect of the drought along the length of the river. Thirteen sites 
were examined in detail and these are indicated in Table 19 and Fig. 1. 
Table 19. Sites for longitudinal survey of the Lambourn. 
In 1974 sites from Lambourn village to East Garston became dry 
in September and remained dry until November when the springs broke. When 
the survey started in May 1976 the five sites in the intermittent section 
were dry. By August 1976 the upstream limit of water had retreated down-
stream to just above the site at Liddiard's Farm. Operational pumping 
commenced on 23 August 1976 and maintained flow from upstream of the site 
at Great Shefford. At the beginning of February 1977 the springs broke 
and all sites remained flowing for the rest of the study period. 
Chalk streams are considered to have stable flow and temperature 
regimes and this stability could obviate any tendency towards a longitudinal 
pattern in the distribution of both invertebrates and macrophytes. Figs. 
32 & 33 give data on current speed, water depth and temperature for 1974, 
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Fig. 32. Mean and range of water depth (cm), current velocity (m/s) and 
water temperature (°C) for the thirteen sites used in the 
longitudinal survey of the Lambourn, 1974. 
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Fig. 33. Mean and range of water depth (cm), current velocity (m/s) and 
water temperature (°C) for the thirteen sites used in the 
longitudinal survey of the Lambourn, 1976-77. 
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1976 and 1977. Regression analysis of these physical parameters with 
distance downstream showed no relationship indicating that there was no 
significant longitudinal pattern. The exception to this was temperature 
in 1974 which increased downstream. This could be a longitudinal change 
but since the survey was generally conducted starting at Lambourn village 
in the morning and finishing at Shaw in the afternoon it is probably a 
reflection of the normal diurnal cycle. In 1976/7 a wide range of tem-
perature was recorded at Great Shefford, Liddiard's Farm and to a lesser 
extent Weston. The extremely high temperatures at these sites were re-
corded in the summer of 1.976 as a product of high air temperatures and 
very low discharge. Apart from these sites the range of temperatures 
recorded in 1976 increased downstream. 
The increase in range of temperature downstream is thought to 
be a function of the. increased influence of air temperature downstream. 
3.6.1. Macrophytes 
The mean estimated percentage cover for each site and species 
are shown in Table 20. Using presence or absence as a measure of distri-
bution, the aquatic macrophytes such as Berula, Callitriche and Ranunculus 
showed no longitudinal pattern within the permanent section of the river. 
The occurrence of these species was probably controlled by physical factors 
such as current speed, shading or water depth. These species did, however, 
show differences in distribution between the intermittent section and the 
perennial zone. 
Callitriche was limited in distribution and was recorded mainly 
in the permanent zone. However, it was present at two sites in the inter-
mittent section in 1974, and in 1977, after the river had been dry for 
over sixteen months, Callitriche was recorded at four of the intermittent 
sites and reached a cover of 5% at Bockhampton in August 1977. 
Berula also grew mainly in the permanent zone, with Apium 
nodiflorum being recorded above the perennial head. The Berula grew well 
when the site was heavily shaded such as at Great Shefford and Moor Bridge. 
Ranunculus was present at all the, sites, but grew particularly 
well in the region of permanent flow. At sites such as Bagnor and Weston 
it maintained a high percentage cover throughout the winter. In the 
intermittent section in 1974, Ranunculus grew rapidly in spring and early 
summer so that weedcutting was necessary at most of the sites. Drying up 
of the river in September dramatically reduced the area of Ranunculus, 
which then regrew slowly in some areas as its land form. When these were 
inundated after the breaking of the springs in November 1974, the Ranunculus 
grew into the submerged form. In spring and summer of 1976, growth of 
Ranunculus was poor at the upstream end of the river. No growth occurred 
in the intermittent section since the river was dry and at Liddiard's Farm 
Ranunculus only reached a cover of 35% whereas in 1974 it had reached a 
maximum of 60%. Growth of Ranunculus (in the intermittent section) in 1977 
started in May when flow had resumed after the stream bed had been dry 
for over sixteen months. Recolonisation of the river bed took place from 
very small fragments of land form Ranunculus which had remained in the 
river bed throughout the drought. Growth was spectacular so that by August 
1977 Ranunculus covered an area of at least 75% at Bockhampton, East Garston 
and Maidencourt Farm. The intermittent flow regime of the sites above 
Great Shefford meant that Ranunculus never maintained a high cover through-
out the winter, as it died back during the dry period. 
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A photographic survey taken in May 1974 showed that there was a 
longitudinal pattern in the growth and flowering of Ranunculus. At the top 
end of the river from Lambourn village to East Garston, Ranunculus was at 
the surface and flowering profusely. From Maidencourt Farm to Weston large 
surface beds had been produced, but only a few flowers were present. Down-
stream of Weston growth of Ranunculus was progressively slower so that at 
Shaw Ranunculus was recorded as being present only as short sparse growths. 
The reasons for this pattern are known to be complex, and this study has not 
given any indication of the factors that might be involved. 
Colonisation of the river bed by Rorippa in 1974 took place mainly 
in the intermittent section. Growth of Rorippa at sites such as East 
Garston was accompanied by growth of Apium to form a well developed emergent 
community. In 1976, under conditions of low discharge, Rorippa became more 
important in the permanent zone. 
The intermittent section of the river was colonised by terrestrial 
species of grass when it was dry. These were inundated with the return of 
flow and although some rip out did occur, a substantial amount of grass 
remained in the river. 
3.6.2 Invertebrates 
Qualitative data on the invertebrate community have been obtained 
from May 1976 to August 1977 using the methods described in Section 2.1.3. 
The data were subjected to cluster analyses to indicate the overall patterns 
of distribution of the fauna. The Sørensen quotient of similarity has been 
used to compare the species composition of the fauna at different sites. 
Values of 0.5 or greater have been taken as showing some degree of associa-
tion. This index of similarity produced a dendrogram which placed the sites 
in two groups, which appeared to have biological significance (Fig. 34). 
The first cluster was formed by sites from Lambourn village to Maidencourt 
Farm and corresponded to sites in the intermittent section. The fact that 
these sites formed a discrete cluster indicated that they had a distinct 
fauna in terms of species composition. The second cluster was formed by 
sites from Great Shefford downstream and corresponded to sites in the per-
manent zone. It is significant that the analysis placed the sites in 
approximately the right order longitudinally suggesting that there was a 
gradual change in the community downstream. The exception to this order was 
Welford where there was elimination of species which needed habitat provided 
by macrophytes since macrophyte cover never exceeded 5%. Most sites showed 
the greatest resemblance to sites that were nearest to them spatially. 
The number of occasions on which each species was recorded at each 
site was used as a semi-quantitative estimate of abundance. The appropriate 
measure of association between sites for such data is the squared Euclidean 
distance and the dendrogram produced by clustering the association matrix 
is shown in Fig. 35. This again produced two clusters but the sites at 
Great Shefford and Liddiard's Farm were drawn into a cluster with sites in 
the intermittent section. Many species, e.g. Silo nigvicovnis, Valvata 
piscinalis, Planorbis spp., Rhyacophila dorsalis, were recorded at these two 
sites when the survey first started but disappeared with the onset of the 
drought. Low discharge resulted in siltation which made the river bed un-
attractive for many species of invertebrates. Only those species which were 
tolerant of a wide range of temperature and flow regimes were recorded at 
Great Shefford and Liddiard's Farm during the drought and it was mostly 
these species that were colonising the intermittent section when flow returned. 
This accounted for the similarity in fauna between Great Shefford, Liddiard's 
Farm and the sites in the intermittent section. 
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Fig. 34. Dendrogram showing the relationship between the Lambourn sites 
produced using presence/absence data, the Sørensen association 
measure and group average clustering. 
Examination of the data in more detail has given some under-
standing of the species which are responsible for the patterns shown by the 
dendrograms. The eighty more abundant species have been divided into four 
groups on the basis of their distribution and these are shown in Table 21. 
Group 1. There are eight species in this group and these were found only 
in the intermittent section. They included typical groundwater species such 
as Agabus biguttatus and opportunist species such as Nemoura cinerea. 
Group 2 consisted of ubiquitous species. When the intermittent section 
started to flow again, colonisation by these species was often by an adult 
aerial phase as in the Ephemeroptera. Gammarus recolonised by active up-
stream migration and by August 1977 had reached Eastbury. Species such as 
Lymnaea palustris were thought to survive in situ. 
Group 3 was the largest group and consisted of those species that were 
characteristic of the permanent zone. Samples taken in 1975 showed that 
some of these species were commonly found in the intermittent section before 
the drought. These were Polycelis nigra/tenuis Glossiphonia complanata, 
Erpobdella octooulata, Ancylus fluviatilis, Asellus meridianus, Baetis 
scambus, Rhyacophila dorsdlis, Agapetus fuscipes, Drusus annulatus, Elmis 
aenea and Limnius volckmari. By April 1977 Drusus, Agapetus and Erpobdella 
showed some evidence that recolonisation was taking place, but the remainder 
of the species were eliminated from the intermittent section by the drought 
and recolonisation did not take place during the study. 
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Table 21. Distribution of the 80 more abundant taxa in the Lambourn May 1976 -
August 1977. 
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Table 21. - continued 
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Fig. 35. Dendrogram showing the relationship between the Lambourn sites 
produced using frequency of species occurrence at each site, 
squared Euclidean distance (E.D.) as an association measure 
and group average clustering. 
Group 4 was species which had a limited distribution within the permanent 
zone. Some of the species were characteristic of slow flowing rivers and 
were found at the downstream end of the Lambourn. These included Theodoxus 
fluxiatilis, Planorbis albus, Caenis moesta and Mystacides spp. 
Centroptilum spp. were characteristic of slower flow and apart from being 
found at the downstream sites were also found to be colonising Liddiard's 
Farm and Great Shefford during the drought. Transition occurred between 
pairs of species such as Silo nigricornis and Goera pilosa. S.nigricornis 
was found at the upstream sites but was replaced by G. pilosa at Shaw. 
All the records of Goeridae at Shaw were G. pilosa except for a single 
specimen of S. nigricornis which was recorded in a sample from which G. 
pilosa was absent. A more gradual transition was demonstrated by Hydro-
psyohe spp. H. siltalai was found at the upstream sites and there was a 
gradual transition to H. pellucidula at the downstream sites. The distribu-
tion of some species was limited by their biotope preferences: Ephemera 
danica which requires a sandy biotope and was only found at Bagnor and Moor 
Bridge where sand was present. 
Presence of group 1 species and the absence of species in groups 
3 and 4 at sites from Maidencourt upstream, defined the cluster of the 
intermittent section. Group 4 species are those most likely to give the 
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pattern of longitudinal zonation within the perennial section as shown by 
the dendrograms. 
Data from Bagnor and Great Shefford have also been subjected to 
cluster analyses using the different sampling occasions as sets and the 
species as variables. The dendrogram produced for Bagnor (Fig. 36) showed 
that all the months fit into a single cluster, thus suggesting that the 
drought had little effect on the invertebrate community in terms of species 
composition. At Great Shefford a single cluster was not produced and the 
pattern observed was slightly confused (Fig. 37a). The months which showed 
the least similarity to other months were August and September 1976 when 
the discharge was very low. There was a marked decrease in the number of 
species present in these two months (Fig. 37b) and although the number of 
species did increase after September, in general it did not reach the same 
level as before the drought. 
The major differences along the length of the river were between 
sites in the intermittent section and sites in the permanent zone. It is 
interesting that longitudinal patterns within the perennial section did 
exist despite the fairly stable physical environment. The sites at Bagnor 
reflected their longitudinal position both in the timing of the growth of 
Ranunculus and in the species composition of the invertebrate community and 
were therefore typical of sites in the downstream permanent flow section. 
The effect of the drought was more difficult to define, since little infor-
mation is available on the river along its length at other times. It was, 
however, noted that the growth of Ranunculus at sites at the upstream end of 
the river was not as good as might have been expected from the results in 
1974, and the growth of Rorippa in the permanent zone was better than expected. 
Fig. 36. Dendrogram showing the relationship between months at Bagnor 
produced using presence/absence data, and Sørensen association 
measure and group average clustering. 
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Fig. 37. (a) Dendrogram showing the relationship between months at Great 
Shefford produced using presence/absence data, the Sørensen 
association measure and group average clustering. 
(b) Total number of taxa recorded on each sampling occasion at 
Great Shefford. 
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The extremely low discharge influenced the invertebrate community at Liddiard's 
Farm and Great Shefford by reducing the number of species present. Drought 
in the intermittent section eliminated species which were thought to be able 
to survive short periods of dessication as in a normal flow regime, but were 
unable to survive prolonged drought. 
3.7 THE WINTERBOURNE 
3.7.1 Introduction 
The Winterbourne was visited in most months between April 1976 and 
August 1977 to supplement data collected in 1972, and to document the impact 
of the 1976 drought on a small chalk stream. The study sites were the same 
as those used in the 1972 survey (Table 22). On each occasion, visual and 
photographic assessments of the macrophytes present were made and between one 
and four 5-minute samples were taken with a pond net to collect invertebrates. 
Selected samples have been processed as in 1972. 
Table 22. Sites used in the longitudinal survey of the Winterbourne. 
Fig. 38a shows the extent of water in the Winterbourne during this 
investigation. In April 1976, the upstream limit of water was at site 5, 
compared with site 17 in April 1972 and site 8 in April 1973. By August 1976, 
the limit had moved downstream as far as site 3 (site 10 in August 1972), 
which is generally considered to be well into the perennial zone. Those sites 
which remained wet in 1976 became heavily silted due to the low discharge. 
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3.7.2 Macrophytes 
Fig. 38b shows the recorded distributions of major submerged and 
emergent aquatic macrophytes during the survey. 
Fig. 38. (a) Extent of water in the Winterbourne, April 1976 to August 1977. 
(b) Distribution of the more important aquatic macrophytes, April 
1976 to August 1977. 
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Ranunculus was present throughout the drought period at sites 1 
and 2 although sometimes in very small quantities. At site 3 it disappeared 
when flow became very low but re-established itself slowly. Sites 4 and 5, 
which are more heavily shaded, only supported Ranunculus occasionally. 
Site 6 showed abundant growth of Ranunculus as soon as water returned and 
it re-established itself in substantial amounts at site 7 over a somewhat 
longer period. These growths developed from land-form Ranunculus which 
persisted through the drought. Site 7 was the farthest upstream record for 
this species in the 1976-77 study whereas it was recorded at site 8 in 1972. 
Callitriche is generally less abundant than Ranunculus in the 
Winterbourne, and its distribution was essentially restricted to the permanent 
reach from site 3 downstream, although small occasional growths had been 
observed in 1972 as high as site 8. Although Callitriche is generally more 
favoured by slower flow than Ranunculus, it also became less abundant during 
the drought, and by August 1977 there was no evidence of it re-establishing 
itself above site 3. 
Berula and Apium were also scarce at the sites examined during the 
drought, but their normal widespread distribution in the intermittent zone 
was re-established in 1977. As with other macrophytes, little growth was 
observed at the heavily shaded sites 4 and 5. 
Rorippa persisted at the wet sites throughout the drought and re-
established itself as far upstream as site 7 during the study period. 
Again, little growth was observed at sites 4 and 5. 
3.7.3 Invertebrates 
Investigations of the invertebrate community of the bottom 10 sites 
of the Winterbourne in 1972, 1976 and 1977 have yielded a total of 249 taxa 
(167 specific identifications). For the following comparisons only the fauna 
of these sites is considered, reflecting 236 samples from sites 1 to 10 in 
1972, 47 samples from sites 1 to 5 in 1976 and 54 samples from sites 1 to 10 
in 1977. Changes in the level of identification of some groups (principally 
Oligochaeta, Pisidium spp., microcrustacea and Chironomidae) resulted in 
157 taxa being recorded at consistent levels during all three years. Of 
these, 74 were recorded in all three years and the pattern of occurrence is 
shown in Table 23. 
Table 23. Occurrence of 157 taxa of invertebrates in the Winterbourne 
during three years. 
Initially it would appear that the later years had an impoverished 
fauna by comparison with 1972, but the reduction in numbers of samples, and 
of sites available in 1976, may be responsible for much of the variation. 
The similarity of numbers of taxa per site (Fig. 39) for 1976 and 1977 supports 
this view. Taxa which did not occur in all three years tended to be those 
with restricted distributions and low abundance. Fig. 40 shows the relative 
contributions of the 1972 and the 1976-77 surveys to the total fauna of each site. 
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Fig. 39. Number of taxa recorded at each site in the Winterbourne in 1972, 
1976 and 1977. 
Closer examination of the taxa producing the year to year variation 
is informative. The 40 taxa only recorded in 1972 can be divided into three 
major groups. The first contains those likely to be affected by changes in 
the source water, comprising Niphargus aquilex, a groundwater species only 
observed in the upper sites and the caddis Adicella reducta which is usually 
found associated with springs. The second group consists of Trocheta 
subviridis, Lymnaea truncatula, Agrion splendens, Limnephilus f1avicornis, 
L. vittatus, Gerridae, Notonecta glauca, N. maculata, Laccophilus minutus, 
Coelambus impressopunctatus, Graptodytes pictus, Hydroporus incognitus, 
H. evythrocephalus, H. menmonius, H. nigrita, H. pubescens, Agabus sturmii, 
A. chalconatus, A. bipustulatus, Dytiscus marginalis, Acilius sulcatus, 
Anacaena limbata, Lacoobius alutaceus, L. minutus, L. striatulus, Hydraena 
riparia, E. gracilis and Dryopidae. These are all primarily pond or ditch 
dwelling taxa, mostly recorded infrequently and from the upper sites. The 
size of this group reflects the more intense sampling programme of 1972, and 
probably the lack of drying of this part of the Winterbourne during and 
immediately prior to 1972. The third group is heretogeneous comprising Caenis 
horaria, Limnephilus rhombicus, Beraeodes minutus, Brachycentrus subnubilus, 
Callicorixa pvaeusta, Corixa panzeri, Hesperocorixa sahlbeirgi, Hydroporus 
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palustris, Oulimnius tuberculatus and Eristalis sp., mostly associated with 
flowing water and of limited distribution in 1972. 
Of the 6 taxa recorded only in 1976 Leuctra fusoa and Mystacides 
azurea are typical of slower flowing reaches of chalk streams. Mystacides 
was particularly common at the three downstream sites in the Lambourn in 
1976. Sympetrum sp., Notonecta viridis, Haliplus fulvus group sp. and 
Hygrotus inaequalis are pond and ditch dwelling taxa. The presence of new 
taxa in this group and the failure to locate the large block of ecologically 
similar taxa from 1972 indicate the variability of this population component. 
Of the 5 taxa only recorded in 1977 Paraleptophlebia tumida and 
Simulium aureum group sp. are characteristic of small weedy streams which 
may dry up. Evidence suggests that P. tumida will only hatch from its 
resistant eggs following a period of desiccation, explaining its absence in 
1972. Baetis scambus normally occurs in the lower reaches of chalk streams 
but may show opportunistic colonization tendencies as does Cloeon dipterum. 
Sigara falleni and Culicidae are pond and ditch dwelling taxa. 
One taxon, Tabanidae, was absent only in 1972. This is a wide-
spread but infrequently occurring group. 
The 20 taxa absent only in 1976 can be divided into three groups. 
Planorbis leucostoma, Nemoura cinerea and Hydroporus marginatus are taxa 
characteristic of intermittent reaches in chalk streams. Their absence 
reflects the drying up of this zone in 1976. Daphniidae, Glyphotaelius 
pellucidus, Notonecta sp., Sigara nigrolineata, S. lateralis, Guignotus 
pusillus, Coelambus confluens, Hydroporus planus, Agabus nebulosus, Colym-
betes fuscus, Anacaena globulus, Limnebius truncatellus, Hydrobius fuscipes 
and Cyclorrapha constitute the component of the pond and ditch fauna which 
successfully re-established itself within the study period. Agabus didymus, 
Simulium ornatum and S. latipes/vernum are flowing water taxa usually 
associated with abundant macrophytes. The loss of suitable habitats may 
explain their temporary absence. 
Nine of the 11 taxa only absent in 1977, Dendrocoelum lacteum, 
Valvata piscinalis, Lype reducta, Hydropsyche siltalai, Ithytrichia sp., 
Halesus sp., Potamonectes depressus s. elegans, Limnius volokmari and 
Riolus subviolaceus, are found in the perennial reaches of winterbournes 
and in chalk streams. Their absence may reflect the reduced sampling effort 
in 1977, or they may have been eliminated more slowly by the drought than 
members of the preceding group (or recolonization may be slower for these 
taxa). In contrast Cloeon dipterum and Sigara concinna are infrequently 
occurring taxa in chalk streams, with a tendency to opportunistic colonisation. 
Of the 83 taxa producing the year to year variation, about 42 may 
be described as characteristic of ponds and ditches, 18 of riverine con-
ditions and 9 of intermittently flowing water or springs. This group contains 
37 species of Coleoptera, 12 of Trichoptera and 12 of Hemiptera. Thirty-two 
of these taxa have never been recorded below site 6. 
It seems unlikely that any of the fauna characteristic of winter-
bournes has been permanently eliminated by the drought of 1976 and the 
large element of eliminated pond and ditch taxa generally have a good ability 
to recolonize over a period of time, as can be seen by the numbers of new 
records in 1976 and 1977 and the proportion of the 1972 component which 
had already returned by the end of the survey. 
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Recolonization 
Fig. 41 shows the mean numbers of taxa per sample at each site 
throughout the study period in 1976 and 1977. The number of taxa at sites 
1 and 2 remained relatively constant over the period and with the exception 
of Simuliidae there was little evidence that the drought caused the dis-
appearance of taxa. Some taxa which are dependent on water flow or macro-
phytes became scarce during the autumn of 1976 and did not re-establish 
themselves fully until the summer of 1977. Site 3, which became the up-
stream limit of water in 1976, suffered a substantial decrease in the number 
of taxa but recovered during the study period. The sites above 3, which 
actually dried out, showed a rapid recolonization upon the return of water 
and this was still continuing in August 1977. Lower sites appeared to 
acquire species more rapidly than the upper ones, emphasizing the importance 
of upstream migration (mainly of adult insects). 
Fig. 42 shows the observed distributions of 12 selected taxa. 
Chironomidae appeared in every sample taken, demonstrating their ability to 
utilise intermittent habitats. Recolonization may result from adult dis-
persal, although drought-resistant eggs or encapsulated larvae are also 
possibilities. Gammarus was able to respond almost as quickly, although 
recolonization above site 7 was slower. Upstream migration or persistence 
in the groundwater seem the most probable explanations. 
Five of the species, Planorbis leucostoma, Paraleptophlebia tumida, 
Nemoura cinerea, Agabus biguttatus and Simulium aureum group sp. appeared 
to have re-established themselves from locations within the intermittent 
zone. Planorbis leucostoma and Agabus biguttatus are known to survive as 
adults in subsurface water and were present before the sites dried. The 
remaining 3 probably reflect development from drought-resistant eggs. 
The other 5 taxa show less rapid recolonization, probably follow-
ing periods of adult flight activity. This is supported by the incomplete 
distributions observed. All of these taxa persisted through the drought 
either in the lower sites or in the Lambourn, and recolonized to approxi-
mately their 1972 distributions during the study period. 
3.8 STUDIES IN THE UPPER LAMBOURN 
Macrophyte mapping was continued at two sites to assess the effect 
of drought in 1976 on the patterns of growth of macrophytes in the upper 
section of the river and to document the recovery of the river after the 
drought. 
3.8.1 Changes in the Macrophytes and Sediments at East Shefford August 1976 -
September 1977 
The East Shefford site was originally set up to monitor the effect 
of trial pumpings and mapping was resumed on 23 August 1976. Percentage 
cover data for the major macrophytes and substrata are presented in Table 44. 
On 23 August, just prior to operational pumping, the head of flow was 
actually within the study site and only the lower 35 m contained water. 
Silt covered 96% of the site and only small patches of Ranunculus and 
Callitriche were present. The site was next mapped at the beginning of 
September after the start of operational pumping. The increase in discharge 
led to a widening of the stream flooding the marginal vegetation which was 
mainly Rorippa. Much of the silt was removed to expose gravel so that the 
area of silt in September was only 27% while the area of gravel increased 
from 2% in August to 40% in September. Callitriche showed a peak of growth 
during September and October 1976 but this was small when compared to the 
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pattern of growth in 1975. There was little change at the site until mid-
November when all but one of the boreholes in the upper Lambourn and Great 
Shefford groups were switched off. This reduced the total discharge to 
such an extent that over 100 m2 (35%) of the site became dry. The area 
of silt increased gradually from 20% in November 1976 to 48% in February 
1977. When the springs broke in February 1977 much of this silt was removed 
leaving only 8% silt in March 1977, by which time the site was again fully 
inundated. 
Table 44. Percentage cover of macrophytes and substrata at East Shefford 
August 1976 - September 1977. 
In 1977 Ranunculus showed a summer growth pattern but the maximum 
cover of 13% recorded in September was low compared to 1975. It is possible 
that many of the small fragments of Ranunculus which normally remain in the 
river over-winter and develop into weed beds when conditions in the river 
are suitable, were unable to survive the drought in 1976. The fence round 
the study site was removed in April 1976 and it seems probable that grazing 
and trampling by cattle was also limiting the area of Ranunculus in the river 
in 1977. Callitriche showed little growth during the summer of 1977. The 
large area of other species from March to June 1977 was due to the growth of 
Veronica beccabunga, Myosotis scorpioides and Mentha aquatica at the margins 
of the river. The area of silt remained low until August 1977 when it 
increased to 21% as is normal at this time of year when discharge is decreasing. 
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3.8.2 Changes in the Macrophytes and Sediments at Weston April 1975 -
January 1977 
The other site in the upper Lambourn at Weston was selected for the 
comparative chalkstream survey which started in. April 1975. By April 1976 it 
became apparent that a drought situation was developing so the monthly pro-
gramme of mapping was continued until January 1977. Table 45 presents cover 
data for the more abundant macrophytes and substrata. The site was dominated 
by Callitriche which in 1975 grew in June and July to give a maximum cover of 
33% in August. The area of Callitriche then remained approximately the same 
until March 1976 when it increased to give a cover of 38% by May 1976. 
Table 45. Percentage cover of macrophytes and substrata at Weston April 1975 
- January 1977. 
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This was followed by a sudden rip-out so that by the beginning of June there 
was only 1% Callitriche. The reason for the rip-out of Callitriche is not 
clear but it may have been due to senescence of plants which escaped rip-
out during the winter or to loss of anchorage to a stable substratum as a 
result of deposition of large amounts of silt. The area of Callitriche 
decreased further from June 1976 and by August 1976 it had completely dis-
appeared. There was no sign of regrowth during the remainder of the study. 
Although Callitriche is associated with slower flowing reaches of the river, 
it is apparent that conditions of very low discharge do not favour the 
growth of Callitriche. 
Ranunculus never exceeded 11% cover and was confined mainly to 
the shallower areas of the river where it provided little competition for 
the Callitriche. In 1975 Ranunculus showed a summer peak of growth but 
this was not observed in 1976, probably due to the very low discharge com-
bined with deposition of silt on the weed surface. 
Zannichellia was present from July to December 1975 reaching a 
maximum area of 10% in September 1975. A similar maximum of 10% was 
recorded in July 1976 but the plants disappeared from the site immediately 
after this. 
The area of gravel decreased from 18% at the beginning of the 
study in April 1975 to only 1% by November 1975 as there was a gradual 
deposition of silt on the surface of the gravel. From November 1975 to 
August 1976 the area of gravel remained low and then disappeared completely 
from September 1976 to the end of the study period. The area of silt 
remained high for all of the study period and was only reduced by colonisa-
tion of macrophytes. The increase in discharge at the beginning of 
operational pumping was insufficient to reduce the area of silt on the site. 
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4. THE KENNET 
4.1 INTRODUCTION 
Studies were carried out on sections of the Kennet from April 1974 
to April 1976. Two 50 m sites were established at Savernake and a single 
100 m site at Littlecote (Fig. 3). Supplementary studies were carried out 
over the same period on the Dun and at a number of sites on the upper Kennet, 
the Og and the Aldbourne. The objective was to obtain data, comparable in 
nature with that for the Lambourn, for a larger chalk stream. This was 
achieved by a programme of macrophyte mapping, qualitative and quantitative 
invertebrate sampling, and electric fishing. Water temperatures were re-
corded by thermographs at the Littlecote, Savernake and Dun sites. Other 
physical and chemical data were provided by Thames Water Authority. 
The Littlecote and Savernake sites for the invertebrate and macro-
phyte studies represent very different environments, both from one another, 
and from the Bagnor sites. The Savernake sites, although further upstream 
than Littlecote, are generally deeper and slower-flowing due to manipulation 
of the hatches at Stitchcombe Mill, and the partially canalised nature of 
the sites. The average widths of the Savernake sites over the first 18 
months of this study were 15.6 m and 13.2 m, compared with 13.3m for Little-
cote. Inspection of the depth contours in Fig. 43a and the water level data 
in Fig. 43b shows that for most of the period, only the Littlecote site 
contained substantial areas of shallow water. The depth of water and 
turbidity at both sites were sufficient to cause reductions in the field 
work programmes during the winter of 1974-75, which have not occurred at 
Bagnor. 
The Savernake sites are relatively steady flowing and of even 
depth, with the main substratum being large flinty gravel embedded in silt. 
The dominant macrophyte is Schoenoplectus lacustris, although Ranunculus 
is also important on the upper site. Littlecote by contrast shows a greater 
variability in depth and is more turbulent. The dominant substratum is 
gravel, ranging from unstable pebbles at the top of the site to fine flints 
embedded in sand at the bottom. Ranunculus is the dominant macrophyte and 
generally exhibits rapid growth early in the season at this site, necessi-
tating regular cutting. 
The sites chosen for the fish surveys at Littlecote and Savernake 
were different from the invertebrate sites. The Littlecote site extended 
for a short distance above and below the invertebrate site. At Savernake, 
the lower fishing site started between the two invertebrate sites and 
extended slightly above the top of the upper invertebrate site. The upper 
fishing site commenced about 200 m above this, and extended about 150 m 
further upstream. 
4.2 MACROPHYTES 
4.2.1 The Littlecote Site 
The results of the monthly mapping at Littlecote are shown in 
Fig. 44. The most extensive substrata were Ranunculus and gravel which 
showed an inverse relationship with each other (Section 3.3.1). Ranunculus 
grew rapidly in spring and summer of 1974 and 1975 to give a maximum area 
in August in both years. Extensive bar cutting of the weed was carried out 
to maintain good conditions for dry-fly fishing. In 1974 the first cut 
took place at the end of April but spectacular growth in May resulted in 
a high proportion of the water surface being covered by flowering Ranunculus. 
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Fig. 43. (a) Depth at mean water level based on summer 1974 bottom contours. 
(b) Monthly range of depth recordings taken weekly, Kennet sites. 
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Fig. 44. (a) Changes in percentage cover of macrophytes and substrata on 
the Kennet at Littlecote. 
(b) Mean monthly discharge for the Kennet at Knighton. 
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A second cut was required in early June and the results were recorded in 
detail. Most growth occurred in the cut areas, whilst the uncut weed started 
to become senile. By August, rip-out of senile weed had started, and a 
third cut in September mainly of senile weed merely accelerated the rip-out 
process. High turbidity and a substantial increase in discharge from the 
end of November resulted in a reduction in the area of Ranunculus from 51% 
at the beginning of November to 34% at the beginning of March 1975. Growth 
of the Ranunculus was again spectacular in April and May 1975 and was res-
ponsible for producing high water levels in the river. A single weed cut 
was carried out at the beginning of June. Ranunculus achieved a maximum of 
84% in August, and subsequent rip-out of weed reduced the area to 57% by 
October. The percentage cover decreased only marginally during the winter 
leaving 54% in April 1976. Although the two-year study ended in April 1976, 
the discharge regime was so low that photographs of the site were taken 
during the summer to record the major events. The normal increase in area 
of Ranunculus from April onwards failed to occur since the weed was smothered 
by an abundant growth of epiphytic algae and associated detritus. An 
additional mapping operation was carried out in July 1976 when much of the 
river bed would normally be covered with Ranunculus but a cover of only 16% 
Ranunculus was recorded. It is interesting to note that silt, which reached 
a maximum of 4% during the two-year study, now covered an area of 12%. 
Visual observations indicated that Ranunculus showed some growth in late 
summer, but no quantitative assessment of this was made. 
The intensive management at this site, which involved bar cutting 
of Ranunculus, has given some understanding of the way in which this species 
responded to different weed cutting regimes. Fig. 45 indicates the pattern 
of growth and recession of Ranunculus in 1975 in relation to weed cuts. By 
June large areas of the river bed had been colonised by Ranunculus resulting 
in a cover of over 70%. The weed was cut three days after the June map was 
made and in the centre of the figure the areas that were cut are indicated. 
The Ranunculus, was cut back to 4 - 5 cm length leaving large areas of bare 
gravel. By September the weed that was subjected to cutting had re-grown to 
form healthy vegetative beds and these remained in the river throughout the 
winter. However, the Ranunculus which was not cut had become senile and was 
ripped out by the current. In 1974 a similar growth pattern of Ranunculus 
was observed, but the situation was slightly more complex due to additional 
cuts in May and September. Cutting the weed in May had little effect since 
in one month the Ranunculus had re-grown and was at the surface and flowering. 
Weed that was cut in June re-grew more slowly and formed healthy vegetative 
beds which remained in the river throughout the winter. The areas cut in 
September were mostly those that were not cut in June. In these areas the 
Ranunculus had become senile, was beginning to rip out naturally and the weed 
cut accelerated this process. 
Thus the timing of weed cutting programmes had considerable effect 
on the pattern of growth and recession: (1) Weed cuts before June did not 
prevent the spectacular growth of Ranunculus but did influence the timing 
of flowering and rip-out C2) Weed not subjected to cutting was flowering 
by mid-May and started to rip-out in August (3) Weed that was cut in May 
flowered by early June, but did not begin to rip-out until September 
(4) Weed cut in June re-grew but was unable to flower. It formed large areas 
of vegetative Ranunculus which remained healthy throughout the winter. 
The policy at this site of weed cutting in June was therefore of 
considerable importance in determining the pattern of weed beds remaining 
during the subsequent autumn and winter and may have led to an increased 
cover of Ranunculus in the winter months. 
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Fig. 45. The pattern of growth and recession of Ranunculus in relation to 
weedcut at Littlecote, 1975. 
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Macrophyte Biomass 
Biomass estimates for Ranunculus are plotted in Fig. 46. Since 
sampling only took place bimonthly when possible, the number of sampling 
occasions was not sufficient to give detailed information on changes 
occurring in weed biomass, although the observed changes fit into the 
pattern that has been established for Bagnor. (Lambourn Report 1971-73). 
It is interesting to note that the maximum estimate of biomass for 
Ranunculus at Littlecote was 754 g m-2 compared to 436 g m-2 at Bagnor and 
indicated that the larger river at Littlecote was able to support a higher 
biomass of Ranunculus. This difference was not statistically significant 
but this was thought to be due to the low number of samples taken. In an 
attempt to find a short-cut method of estimating biomass, measurements of 
depth of weed were taken from August 1974 onwards, but these two parameters 
did not show any relationship. 
4.2.2 The Savernake Sites 
Two sites were studied at Savernake. The lower site was dominated 
by Schoenoplectus lacustris and the two-year study has enabled documentation 
of the normal patterns of growth and recession of this weed. Schoenoplectus 
remained the dominant macrophyte on this site (Fig. 47) and showed great 
stability of percentage cover (range 55% - 67%) over a considerable range 
of flow regimes. This species has a woody rhizome system which spreads 
slowly and results in stable weed beds. Although there was no seasonal 
pattern in terms of percentage cover, during the summer months the rhizome 
system produced a large number of strap-like leaves which came to the sur-
face producing dense weed beds. The distal ends of these leaves died back 
during the autumn and were ripped out by the increasing flow in 1974-75 to 
produce a much thinner weed bed during the winter months. In winter 1975-76, 
when discharge did not increase, the distal ends of the leaves died back and 
decayed in situ. 
Since the water was deep and slow flowing at this site,Ranunculus 
was restricted to the edge of the river where the water was slightly 
shallower. It showed a fairly typical pattern of growth reaching a maximum 
area of 19% in August of 1974, and 9% in October 1975. The area of gravel 
remained fairly constant with the reduction in area during the summer mostly 
due to the colonisation of gravel areas by Ranunculus. It is of significance 
that the area of silt did not exceed 14% until January 1976 when it increased 
dramatically to around 24% at a time when the normal winter peak of discharge 
failed to occur. 
Schoenoplectus at the upper Savernake site showed a similar pattern 
of growth (Fig. 48) to that at the lower site. The area of Schoenoplectus 
showed little variation throughout the period of study with a mean cover of 
24%. The maximum cover was 29% and the lowest 12% which was recorded 
immediately after a weed cut. In summer 1974 the site was dominated by 
Ranunculus. Growth of this weed in April and May produced large weed beds 
at the surface which were flowering and made weed cutting necessary. This 
took place at the beginning of June and removed much of the Schoenoplectus 
and some of the Ranunculus. Both species recovered rapidly so that another 
cut was needed by September. This was carried out on the whole section of 
river by Thames Water Authority staff using a set of chains. The weed biomass 
was drastically reduced although the cover did not alter greatly. Turbid 
water, due to engineering work in the Og Valley, prevented re-growth of 
Ranunculus although Schoenoplectus did re-grow. 
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Fig. 46. Biomass estimates of Ranunculus at Littlecote, June 1974 to April 1976. Means and 95% confidence intervals 
calculated using a square root transformation. 
Fig. 47. (a) Changes in percentage cover of macrophytes and substrata on 
the Kennet at Savernake lower site. 
(b) Mean monthly discharge for the Kennet at Marlborough. 
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Fig. 48. (a) Changes in percentage cover of macrophytes and substrata on 
the Kennet at Savernake upper site. 
(b) Mean monthly discharge for the Kennet at Marlborough. 
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In 1975 during spring and early summer, up to 27 swans were seen 
feeding simultaneously on the section of river between Durnsford and Stitch-
combe Mill and it was apparent that they were feeding selectively on 
Ranunculus. Grazing pressure was so great that the area of Ranunculus did 
not start to increase until July and it was not until August that Ranunculus 
became more important than Schoenoplectus, on a site where this species had 
dominated throughout the summer in 1974. The Ranunculus beds then became 
senile and ripped out in the autumn. The area of silt increased steadily 
from 4% in December 1975 to 28% in April 1976 when observations on the site 
came to an end. 
Fig. 49 indicates some of the changes that occurred on the site 
and also illustrates the interactions between Ranunculus and Schoenoplectus. 
At the bottom of the diagram are plotted gains and losses between the two 
species and this shows that the interactions that occurred were minimal. 
At the top of the diagram the gains of Ranunculus from gravel are shown. 
These accounted for 80% of the total gains of Ranunculus and demonstrate 
clearly the seasonal cycle of growth. During winter Ranunculus was present 
only as short sparse growths, but in spring and summer these grew rapidly 
colonising the gravel areas to produce large weed beds. Losses of Ranunculus 
to gravel showed the large amount of rip-out that occurred in autumn and 
winter. In contrast the gains and losses of Schoenoplectus from gravel were 
substantially fewer in number and showed little seasonal variation. Thus 
the two species have different growth strategies. Schoenoplectus had a 
long-term strategy and formed stable beds since the woody rhizome system 
meant that rip-out in adverse conditions was minimal and it did not seem to 
respond to changing physical conditions. Ranunculus showed a short-term 
strategy in responding rapidly in suitable conditions but suffered severe 
rip-out under adverse conditions. 
Macrophyte Biomass 
Estimates of biomass were made from quantitative samples taken for 
invertebrates. Since only 5 samples were taken on each macrophyte, 95% 
confidence limits were wide, making an accurate assessment of the changes 
occurring difficult. Ranunculus was only sampled on five occasions during 
the two-year study period, and the results are plotted in Fig. 50. The 
results are not sufficient to indicate the seasonal pattern of change at 
Savernake, but they do correspond to the patterns observed at Bagnor 
(Lambourn Report 1971-73). The Kennet at Savernake and the Lambourn at 
Bagnor were of comparable size and showed a similar estimate of maximum 
biomass of 412 g m-2 at Savernake and 436 g m-2 at Bagnor. Biomass estimates 
of Schoenoplectus from both sites showed an increase during the summer, with 
a maximum in October. The between month changes observed were smaller than 
those of Ranunculus and were mostly not statistically significant. 
4.3 INVERTEBRATES 
4.3.1 The species complement 
A total of 116 taxa (which includes 94 species) have been recorded 
from the Littlecote and Savernake sites in this study. This is a substan-
tially lower number than recorded in the Lambourn studies since most Oligo-
chaeta, Sphaeriidae and Diptera have not been identified to species in the 
Kennet. This total comprised 66 taxa which occurred at both Kennet sites, 
17 of which have only been recorded at Savernake, and 33 only at Littlecote. 
Twelve other taxa have been recorded elsewhere in the upper Kennet and its 
tributaries (see section 4.5.3). A number of species have only been recorded 
from the Kennet at the Littlecote site, and they serve to classify it 
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Fig. 49. Transition between biotopes at Savernake upper site, April 1974 to March 1976. 
Fig. 50. Biomass estimates of macrophytes at Savernake, April 1974 to 
February 1976. Means and 95% confidence intervals calculated 
using a square root transformation. 
biologically as the more downstream site, despite the fact that the hatches 
at Savernake produce a deeper and slower-flowing site. These include the 
mayfly Heptagenia sulphurea and the caddis Psychomyia pusilla, Hydropsyche 
pellucidula, H. siltalai, Phryganea striata, Mystacides azurea, Goera 
pilosa and Brachycentrus subnubilus. Few species have been recorded at the 
Littlecote and Savernake sites which have not been found at Bagnor. Among 
these are the caddis Molanna angustata and the bugs Corixa punctata and 
Sigara dorsalis, all characteristic of slow-moving or still waters, and all 
recorded at Savernake only. 
4.3.2 Quantitative Data 
Tables 26 & 27 show the densities of twenty-five of the most 
abundant taxa in June 1974 and June and December 1975. In general these 
densities fall within the range encountered at other chalk-stream sites. 
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Table 26. Density/ 0.05 m2 of 25 of the most abundant taxa in June 1974 at the 
Littlecote and Savernake sites. Abbreviations: R = Ranunculus, 
G = gravel, S = Schoenoplectus. 
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Table 27. Density/ 0.05 m2 of 25 of the most abundant taxa in June and December 1975 at the Littlecote and Savernake 
sites. Abbreviations: R = Ranunculus, G = gravel, S = Schoenoplectus, B = Berula. 
Table 27. - continued 
In 1974, the sites were relatively similar, while in 1975, Savernake 
supported particularly high numbers of Ephemerella ignita, Agapetus 
fusoipes, Athripsodes cinereus, Polycentropus flavomaculatus and Chirono-
midae. This may reflect the slow-flowing, somewhat silted nature of the 
site, and also the suitability of Schoenoplectus as a biotope, especially 
for Chironomidae. The nature of the gravel on much of the site is 
different from most other chalk-stream sites, being relatively large, 
irregularly shaped flints rather than smooth rounded pebbles as at most 
sites. This characteristic may account for the relatively high densities 
of several taxa on this biotope, noticeably Ephemerella, Agapetus and Silo 
nigricornis. Distinctive features of the Littlecote fauna are the high 
densities of three taxa: the Simuliidae, as a result of the high water 
velocity, the caddis Lepidostoma hirtum and mayflies of the family Baetidae. 
The Kennet is discussed further in Section 5. 
4.4 FISH 
During the period April 1974 to April 1976 fishing for trout and 
grayling was carried out every two months at three sites: Littlecote, 
Savernake lower site and Savernake upper site. Fishing was not possible 
because of high water levels on three occasions: December 1974 (Little-
cote only), February 1975 (all sites) and June 1975 (Littlecote only). 
The lengths and wet weights of individual fish were measured and scales 
were taken from most fish, so individual ages were available; 1 April 
being taken as the nominal birthday. 
4.4.1 Trout 
To gain an idea of whether there were any differences in age 
structure of the trout populations between sites, data for the whole study 
period were pooled and the relative abundance of each age group at each 
site was calculated (Table 28). Abundance of 0+ fish was the same at each 
site indicating similar recruitment, but the abundance of other age groups 
was not constant between sites, suggesting different sites had different 
population age structures. The independence of age structure from sites 
was tested in two ways: the mean age of a trout at each site was calcula-
ted and a x2 test for a k by r contingency table was performed. 
There was no significant difference between the mean ages of 
fish at the two Savernake sites but the mean age of a Littlecote fish was 
significantly lower than either of the Savernake sites (Student's t-test, 
P < 0.05). The x2 test rejected the hypothesis of the age structure being 
independent of site (P < 0.001) and hence it was accepted that different 
sites had different population age structures. Table 28 and the calculated 
expected proportions of fish in each age class suggest that there was a 
deficit of 5+ fish at the Savernake upper site, whilst the Savernake lower 
site had less 1+ but more 3+ and 4+ fish. The reverse was true at the 
Littlecote site where there were more 1+ and fewer 3+ and 4+ fish. This 
accounted for the lower mean age of fish at the Littlecote site. 
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Table 28. Abundance of fish in each age class during the study period. 
Figures are total numbers caught or (in parentheses) a 
percentage of the site total. 
These observations could reflect differential survival between 
sites but are more likely to be the effect of stocking strategies and 
angling. At Littlecote 1+ fish were stocked, but 2+ fish were stocked at 
Savernake. This would explain the preponderance of 1+ fish at Littlecote, 
but by analogy one would expect larger populations of 2+ fish at the 
Savernake sites than were found. That 2+ fish were scarce at Savernake 
even though they were stocked is probably due to these fish being a suitable 
size for taking by anglers. 1+ fish would be below the size limit. 
Stocking strategies do not explain the lack of older fish at Littlecote or 
their slightly greater numbers at Savernake lower site although different 
angling efficiency and stocking levels may account for these. Angling and 
stocking are considered in more detail later. 
Size 
The size structures of the trout populations during the study 
period are shown in Figs. 51 & 52. The data from the Savernake sites have 
been combined. The 0+ cohort was first caught in June or August and can 
be distinguished on the basis of length for the first year of life but the 
other age classes cannot be distinguished clearly. There are no marked 
differences between sites. When they were present, 0+ trout comprised 
about 42% of the sample in 1974 but only 26% in 1975 suggesting differential 
annual recruitment or differential mortality of older fish in these years. 
Weight 
The relationship between the length (1) and weight (w) of an 
animal can be represented by: 
w = alb 
Values of a and b were calculated for each bimonthly set of data 
for each site. 0+ and 1 year and older trout were treated separately, 
since in the Lambourn study monthly and seasonal variations in b were most 
pronounced in the smaller fish. A detailed analysis of the regression 
coefficients for between-site and between-year differences and for seasonal 
trends showed very few significant differences and these showed no con-
sistent patterns. Data for each site were therefore pooled and new 
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Fig. 51. Length-frequency distributions of trout at Littlecote, April 1974 to April 1976. 
Fig. 52. Length-frequency distributions of trout at Savernake, April 1974 
to April 1976. 
regressions calculated (Table 29). The regression coefficients were only 
significantly different between the Savernake sites and Littlecote 
(P < 0.001). However, the result should be interpreted cautiously due to 
the difference in regression constant between sites. 
For 1+ fish and above k tended to be greatest in June and August 
and to decrease with the age of the fish (1+, k = 1.35; 5+, k = 1.19). 
There were no differences between sites. 
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Growth 
Mean lengths and weights for each age class at each site were 
calculated on each sampling occasion. These data were tested for between-
site and between-year differences. Few of the comparisons showed signifi-
cant results but this limited evidence suggested 0+ fish were larger at 
Littlecote than Savernake whilst the other age groups were larger at 
Savernake than Littlecote; fish from Savernake upper site tended to be 
larger than fish from Savernake lower site. The general lack of signifi-
cance and of a consistent pattern indicated that data from the three sites 
at each fishing could be pooled. These combined means were tested for 
between-year differences. Out of 30 comparisons only four were significant 
and it is concluded that there were no real differences between years. 
The seasonal variation in growth is shown in Fig. 53. The over-
all pattern was one of rapid growth from February to June, slower growth 
until October when growth virtually stopped until February. Older fish 
showed irregularities in seasonal growth but this was probably due to the 
small numbers of fish involved. 
Growth curves for each site in each of the three Aprils were com-
pared. Trout at Littlecote were smaller than at Savernake in 1974 and 1976 
but larger in 1975 but these differences were not significant. Composite 
growth curves are given in Fig. 54a & b. Growth in length in the Kennet 
was greater than in the Lambourn and, for the first three years of life, 
greater than that reported from the Test. 
The Walford plot (Fig. 54c) for trout in the Kennet gave an L 
of 43.7 cm with a calculated K of 0.56. The longest trout caught was a 
4+ fish of 45.7 cm. 
Population estimates 
The numbers of fish at each site were estimated using the Seber-
Le Cren two-catch method. The estimates together with the numbers of fish 
caught on each occasion are shown in Tables 30 & 31. Estimated numbers 
agree well with the numbers caught. The numbers of 0+ fish declined 
steadily through their first year of life. Numbers of trout over 1 year 
old followed no set pattern, but maximum numbers often occurred in August 
or October. Although stocking was carried out at all sites throughout the 
study period, the only time this seems to have possibly produced a rise in 
the population estimate was in August 1974 at Savernake lower site, when 
the fishing took place only a week after 101 fish were stocked into the 
study reach. 
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Fig. 53. Mean lengths and weights for each year class of trout on each fishing 
occasion in the Kennet. 95% confidence limits are shown for length. 
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where N = the estimate and C1 to C3 are the 1st to 3rd catches respectively. 
On only two occasions were there substantial differences between the two and 
three catch estimates (Table 30) and these concerned 0+ fish which are known 
to be caught less efficiently. The two catch estimates are therefore con-
sidered to have been an efficient way of estimating the populations. Numbers 
remained fairly stable throughout the study period except at Savernake upper 
site where there were far fewer fish in 1975 than 1974. This was almost 
certainly due to the scarcity of Ranunculus at this site from September 1974 
to August 1975. 
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Triple catches were carried out on nine occasions to check that 
the two-catch method was collecting a high proportion of the population. 
The triple catch formula used was: 
Table 30. Populations of 0+ trout at the study sites. The number of fish 
caught together with the population estimate are shown, both based 
on two catches. Blanks indicate no estimates were possible; dashes 
indicate no fishing took place. Three-catch estimates are given 
for those occasions when an additional fishing was carried out. 
Table 31. Populations of trout one year and older at the study sites. 
Explanation as Table 30. 
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Densities and Biomass 
The population densities of trout at the three sites are shown in 
Table 32. At the Savernake sites maximum densities generally occurred in 
August but at Littlecote there was no seasonal pattern. The high densities 
of 1+ and older trout at Littlecote in October 1974 and December 1975 may have 
been the result of recent stocking. The result of stocking is not so evident 
at the Savernake sites although it may have been the cause of the generally 
higher densities of older fish in summer than in winter. 
Trends in biomass (Table 32) were erratic but highest biomass 
tended to occur in summer. Although Savernake upper site had the highest 
mean monthly biomass over the two years and Littlecote the lowest, these 
differences were not significant. 
Stocking and Angling 
Stocking was carried out at Littlecote in October 1974 and November 
1975 and at Savernake in May 1974, August 1974, May 1975 and April 1976. 
1+ trout were stocked at Littlecote and 2+ trout at Savernake. The typical 
size structure of fish stocked at Savernake is shown in the inset to Fig. 55a. 
Many of the stocked fish were marked before release and in May 1974 electro-
fishing was carried out at Savernake shortly after stocking, to gain an 
estimate of the trout population using a Lincoln Index technique. The size 
frequency distribution of recaptured fish is shown in Fig. 55a and includes 
the size distribution of marked, recaptured fish. The estimated population 
was 1338 trout in the Savernake reach which is approximately five trout/100 m2 
as opposed to approximately two trout/100 m2 as estimated at the study sites 
using the two-catch technique. 
Through the kind co-operation of the Savernake Flyfishers the fate 
of stocked, marked fish could be followed in some detail. Fig. 55b shows 
the size distribution of trout caught by anglers in the study reach in the 
period May - September 1974. Of the trout caught 29% were marked. Of the 
fish marked in May only 26% were caught and of the fish marked in August 9% 
were caught. Only 4 large wild fish were taken. Using the May estimate of 
the total population of fish in the study reach together with the number of 
fish stocked since then, the expected number of marked fish to be caught can 
be calculated and compared with the actual number of marked fish caught, 
using the x2 statistic. Significantly more marked trout were caught than 
expected (P < 0.001) showing stocked fish were more easily caught than wild 
fish, but even so many stocked trout should remain in the population. 
Recapture records of marked fish from the bimonthly fishings show 
that this conclusion is not validated (Fig. 55c). The number of marked fish 
subsequently recaptured is high for only a very short period (2 months) after 
stocking but then drops rapidly, levels off and remains stable at around 
only 3 - 5% of the population. 
Possible explanations are that mortality of marked fish is very 
high after marking or that marks disappear from the majority of fish within 
the first two months after marking and that they are permanent only on a 
very few fish. The data from a study of marked trout in the Lambourn at 
Bagnor suggest that neither of these is correct and that mortality of marked 
fish is low, whilst marks are quite permanent and may last for a number of 
years. 
Another way in which this result could be brought about is by the 
migration of marked fish out of the study area, but this is bounded by 
hatches which may be barriers to movement. In the study of Lambourn trout 
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Table 32. The Kennet. Mean densities of trout (N/100 m 2 ) , biomasses (B/100 m2) and weights of fish (w g) at the three 
study sites. 
Fig. 55. (a) Size distribution of recaptured trout at Savernake, May 1974. Inset shows the size distribution of 
stocked fish, May 1974. (b) Size distribution of trout caught by anglers, 1974. (c) Persistence of 
marked trout in the population. 
it was concluded that fish move about very little in the river but this was 
a study of a wild trout population, and the situation may be different for 
stocked fish. When introduced into the river, stocked fish have to find 
and establish territories and this could cause appreciable migration. A 
further factor may be that the fish returns from anglers were not represen-
tative. 
An analysis of the length and weight of stocked (marked) and wild 
(unmarked) fish is given in Table 33. There were no significant differences 
between wild and stocked fish and stocking did not lead to any consistent 
increases or decreases in the length-weight regression coefficients in the 
catch following stocking. 
4.4.2 Grayling 
Only six grayling were caught at the Savernake sites and of these, 
four were 0+ fish, so the grayling study was concerned solely with the 
Littlecote site. 
The proportion of 3+ and older fish in the population remained 
constant during the study period but there were fluctuations in the propor-
tions of younger grayling (Table 34). 
Table 34. Relative abundance of each age class of grayling at Littlecote 
as a percentage of the total fish caught per year. 
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Size 
The size structure of the population is shown in Fig. 60. 0+ gray-
ling were not generally caught until they were over 12 cm long and for the 
first year of life they could be separated from other grayling on the basis 
of length alone. After the first year separation on length became increas-
ingly difficult and there are no clear peaks on the size frequency histogram 
representing the older age classes. 
Fig, 56. Length-frequency distributions of grayling at Littlecote, April 
1974 to April 1976. 
Weight 
Bimonthly variations on the length-weight regression coefficient 
were tested for seasonal changes but no significant trends were found. The 
length-weight relationship for all the grayling caught is shown in Table 35. 
Condition 
The condition factor (k) showed a tendency to be higher in June 
than at other times of the year and unlike trout tended to increase with age 
(0+, 1.00; 5+, 1.26). 
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Growth 
Grayling were aged on the basis of annual checks on the scales and 
their birthday taken as 1 April. Fig. 57 shows the frequency distribution 
of circuli beyond the last annulus in the 1974 (1+ 2+) cohort. This cohort 
was chosen as it was well represented in the samples and annulus formation 
was most easily seen in the younger fish. Annulus formation was well under 
way by 16 October (only 23% of the sample had not formed the annulus) and 
was completed by 11 December. This is similar to the situation reported for 
grayling in other studies. Since annulus formation occurs several months 
before the official birthday of the fish, ages refer to elapsed years of 
life rather than "scale" years. 
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The comparison of bimonthly mean lengths and weights of each class 
by year was made largely on the basis of 0+ and 1+ fish as the occurrence of 
older fish in the samples was sporadic. The following comparisons showed 
significant differences: 
0+ October 1974 v October 1975 (P < 0.001) 
1+ August 1974 v August 1975 (P < 0.001) 
1+ October 1974 v October 1975 (length P < 0.01; weight P < 0.002) 
In each case 1974 fish were longer and heavier. 
The seasonal variation in growth is shown in Pig. 58. Interpretation 
was difficult but growth probably started in February and finished in 
December with growth being most rapid in February to June. 
As older fish were poorly represented in the samples data from each 
of the April samplings were pooled to construct a growth curve. It appeared 
from the growth curve that the two 5+ fish were unusually long for their age 
and when included in a Walford plot gave a rather poor fit, so they have 
been deleted from the mean growth curve for grayling (Fig. 59a). Littlecote 
grayling live longer and grow faster (in length) than Lambourn grayling 
although by the fourth year of life growth has declined so Lambourn and 
Littlecote fish are the same length. An age-weight growth curve is shown 
in Fig. 59b. The Walford plot (Fig. 59c) for Littlecote grayling indicated 
an L of 34.7 cm and a fitted K of 0.47. The largest grayling caught was 
38.1 cm (August 1975). 
Population Estimates 
Table 36 shows the numbers of grayling caught in two catches to-
gether with the population estimates based on them. Estimates for 0+ gray-
ling could not sometimes be made as numbers in the second catch exceeded 
numbers caught in the first. With older fish the estimated number of fish 
generally agreed well with the numbers caught. Seasonal changes in numbers 
could not be followed. On a few occasions three catches were made and the 
three-catch estimate for these occasions is shown. 
Table 36. Populations of grayling at Littlecote. Explanation as Table 30, 
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Fig. 58. Mean lengths and weights for each year class of grayling on each 
fishing occasion in the Kennet. 95% confidence limits are shown 
for length. 
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Fig. 59. Composite growth curves (a & b) and Walford plot (c) for Kennet 
grayling. Arithmetic means and 95% confidence intervals shown. 
The population densities and biomass of grayling are shown in 
Table 37. Comparison between years is difficult because of missing samples, 
but it appears as if density and biomass of the older fish in 1974 was 
higher than in 1975/6. The biomass of grayling was comparable to trout 
biomass in the summer but fell considerably each winter. 
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4.4.3 Bullheads 
A study was carried out to compare the bullhead populations in the 
Kennet and the Dun with those already studied in the Lambourn and the Winter-
bourne. Observations were continued at three sites, L1 and L2 on the Lambourn 
and W3 on the Winterbourne, which had been found to support good populations 
during 1970-73. Two new sites were established on the Kennet at Littlecote, 
on gravel and Ranunculus respectively, one at Savernake and one on the Dun at 
Freemans marsh. The populations were sampled each October when growth had 
ceased for the season, except on one occasion when W3 was sampled in March 
before growth would have resumed but after winter mortality would have reduced 
the population. The samples were obtained by electric fishing on a transect 
of known area across the river. Two successive fishings were carried out and 
the population size was estimated by the Seber-Le Cren method. 
Population structure 
Fig. 60 summarizes the information on length-frequency available 
for the period 1973-1976 for sites L1, L2 and W3. The approximate position 
for the mean size of each age group is indicated on the figures. The general 
trend is for 0+ bullheads to form the major part of the population with very 
few 1+ and 2+ fish present. The modal length for 0+ fish at sites L1 and L2 
varies slightly from year to year and sometimes a slight mode representing 
1+ fish can be seen. At site L2 in 1974 the size structure of the bullhead 
population was quite different from the other fishing occasions and suggests 
that for some reason the bulk of the 0+ population was either not caught or 
was not present. The size distribution of fish in 1976 was even more trun-
cated than in 1974. The flow at site L1 was severely reduced during the 1976 
drought and this may have affected the bullhead population. 
The modal lengths of fish from W3 were similar to those from sites 
L1 and L2 but in 1975 1+ fish were a large component of the population, 
suggesting unusually good survival of 0+ fish from the previous year. This 
site became dry during the 1976 drought. 
In the Kennet 0+ fish made up the bulk of the population as in the 
Lambourn and Winterbourne. At Littlecote the modal length of 0+ fish from 
Ranunculus was slightly greater than that of fish from gravel. This may be 
a real difference or due to the difficulty of catching the very small fish 
in Ranunculus. Differences between the Littlecote and Savernake sites were 
slight as are between year differences. The size distribution of catches at 
Savernake are shown in Fig. 61. 
The results of fishing the Dun for bullheads are shown in Fig. 62. 
As at all the other sites 0+ fish made up almost the whole population. 
Fish over 7.5 cm, which would be 2+ in the Lambourn were absent from the Dun. 
Many more fish were caught in 1975 than in 1974 but in 1974 the modal length 
of 0+ fish was slightly greater. 
Population estimates 
The population estimates for all sites are summarized in Table 38. 
The results call for little comment except that at site L1 over the four 
years, a substantial decline in the population occurred, whilst at site W3 
a large population increase was recorded. 
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Fig. 60. Length-frequency of Lambourn and Winterbourne bullheads, 1973 to 
1976. 
4.4.4 Other Species 
During the study period twelve rainbow trout and eleven pike were 
taken at the Littlecote site. Unfortunately capture dates were too scattered 
throughout the year for growth curves to be drawn or population estimates to 
be made but length-weight relationships were calculated (Table 39) and the 
growth of pike is roughly summarised in Table 40. 
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Fig. 61. Length-frequency of bullheads at Savernake, October 1974. 
Table 38. Population estimates (N/m2) of bullheads for all sites during 
the study period. 
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Fig. 62. Length-frequency of bullheads at Freemans Marsh, Dun, October 1974 
and October 1975. 
Table 39. Length-weight relationship (w = alb) for rainbow trout and pike 
in the Kennet at Littlecote. n = number in sample; r2 = co-
efficient of determination. 
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Eight of the rainbow trout were 0+ fish which had probably escaped 
from rearing ponds. The other rainbow trout were mainly 5+ and 6+ fish from 
44 to 57 cm long and 895 to 1736 g in weight. 
Table 40. Length and weight of pike of different ages 
in the Kennet at Littlecote. 
4.5 THE UPPER KENNET AND ITS TRIBUTARIES 
4.5.1 Introduction 
Initial surveys were carried out in 1974 and 1975 on the upper 
Kennet, the Og and the Aldbourne, to document the distribution of macrophytes 
and invertebrates in relation to the seasonal variation in flow. Fig. 3 
shows the ten sites on the upper Kennet, between Preshute, near Marlborough, 
and Pan Bridge, near Silbury Hill; the six sites on the Og between 
Marlborough and Ogbourne St George; and the six sites on the Aldbourne from 
Knighton to Aldbourne Village, Table 41 gives grid references for all sites. 
4.5.2 Macrophytes 
The sites were visited in May, July and September 1974 and May 1975. 
On each occasion, visual estimates were made of the aquatic macrophyte 
species present and the sites were photographed. The observed distributions 
are summarised in Table 42, which includes records for material found in the 
May 1975 invertebrate samples. 
These data generally substantiate observations made on other winter-
bourne systems, with Batrachospermum, Cladophora, Fontinalis, Ranunculus, 
Callitriche, Berula and Veronica anagallis-aquatica/catenata showing ubiquitous 
distributions, and Myriophyllum, Elodea and Schoenoplectus being restricted 
to permanent flow sites. The marginal plants Myosotis, Veronica beccabunga, 
Mentha and Epilobium also have a fairly general distribution. Rorippa and 
Apium are widespread in the upper reaches but more restricted downstream. 
4.5.3 Invertebrates 
A 5-minute sample with a pond net was taken at. each of the 22 sites 
in May 1975 to supply provisional information about the distribution of 
invertebrates. These samples were picked live and the specimens were pre-
served in alcohol-glycerol for later identification. Material was identified 
to species level with the following exceptions: Nematoda, Sphaeriidae, 
Oligochaeta, Harpacticoida, Ostracoda, Hydroptila sp., Potamophylax latipennis-
Chaetoptevyx villosa, Halesus sp., Agabus sp.larva, Helophorus spp., 
Ceratopogonidae,Chironomidae, Simuliidae and Hydracarina. Fig. 63 summarises 
the numbers of taxa recorded at each site. 
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Table 41. Sites used in the survey of the upper Kennet and its tributaries. 
The 63 taxa recorded were split into three groups on the basis of 
surveys of the invertebrate fauna of the upper Lambourn and the Winterbourne 
(Table 43). The first group of twelve taxa was more or less restricted to 
the temporary reaches of the winterbournes. Three species in this group, 
Cloeon dipterum, Paraleptophlebia submarginata and Haliplus lineatocollis 
are opportunists which are also found in lower reaches. Their distribution 
is not cosmopolitan in that they are restricted to slow-flowing sections of 
rivers. A further group of 18 taxa were characteristic of permanent water, 
whilst the third group comprises the remainder of the taxa and includes 
incidental species and those of cosmopolitan distribution. The distribution 
of these groups is shown in Fig. 63. One species (Habrophlebia fusca) was 
found in this survey which the project has not recorded elsewhere. No 
major taxon recorded at Bagnor was absent from this survey. Before this 
work could be carried further, the study sites dried up. 
129 
Table 42. Aquatic macrophytes recorded at sites on the upper Kennet, the Og 
and the Aldbourne. 
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Fig. 63. The number of invertebrate taxa per sample at each site in the survey of the upper Kennet and tributaries, 
May 1975. 
Table 43. Species groups of invertebrates recorded at sites on the upper 
Kennet, the Og and the Aldbourne. 
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4.5.4 Fish 
Two samples were obtained by electric fishing from the Dun at Free-
mans Marsh: one in October 1974 and one in October 1975. 
a) Trout 
The length frequency of trout is shown in Fig. 64. The distribution 
of sizes was fairly even and there was no difference between years. Mean 
lengths and weights of each age class in each year were calculated. The only 
significant difference between years was found in 1+ fish (P < 0.001) and 
consequently the data have been pooled (Table 46). The only significant 
difference from Kennet trout was that the weight of 2+ fish was lower (P < 0.01). 
Fig. 64. Length-frequency of trout and rainbow trout from the Dun, October 
1974 and October 1975. 
Table 46. Mean lengths and weights with 95% confidence limits 
of each age class of trout from the Dun at Freemans 
Marsh in October. 
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Length-weight regressions were calculated for 1974 and 1975 but they 
were not significantly different and a common regression was calculated (a = 
0.0139, b = 2.9691, r2 = 0.99). Compared to the Kennet, the regression co-
efficient for Freemans Marsh trout was significantly different only from trout 
at the Littlecote site (P < 0.001). The condition factor for all age classes 
of trout at Freemans Marsh was about 1.3, slightly higher than for Kennet 
trout in October. 
The estimated numbers of brown trout in the study reach are shown 
in Table 47. Numbers remained fairly constant from year to year and were 
similar to most October estimates of trout at the Kennet sites. In 1974 the 
densities and biomasses of trout were generally lower at Freemans Marsh than 
in the Kennet but in 1975 the situation was reversed. 
Table 47. Population density and biomass of trout in the Dun at Freemans 
Marsh. 
b) Grayling 
Fig. 65 shows the length frequency of grayling from Freemans Marsh. 
Fig. 65. Length-frequency of grayling from the Dun, October 1974 and October 
1975. 
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In 1974 age classes were rather difficult to distinguish on the basis of size 
but in 1975 they were rather more clear. Mean lengths and weights of each 
age class in each year were calculated. The only significant difference 
found between years was between the weights of 1+ fish (P < 0.002) and con-
sequently data have been pooled (Table 48). A comparison with Littlecote 
grayling in October showed several significant differences indicating that 
Dun fish were generally longer and heavier than Kennet fish. 
Table 48. Mean lengths and weights with 95% confidence limits 
of each age class of grayling from the Dun at 
Freemans Marsh in October. 
There was no significant difference between the length-weight re-
gressions for the two years and consequently data were pooled and a common 
regression calculated (a = 0.0046, b = 3.2837, r2 = 0.99). This was found 
to differ significantly from the October regression for Littlecote (P < 0.02). 
The condition factors of grayling at Freemans Marsh increased with age 
(0+, 0.97; 4+, 1.39) and were slightly higher than equivalent values for 
Littlecote. 
Population estimates (Table 49) indicated that there were more fish 
over one year old in 1975 than in 1974 and numbers were generally lower than 
at Littlecote in October. Densities of older fish were about the same at the 
Littlecote and Freemans Marsh sites but biomass in October was much greater 
in both years at Freemans Marsh. In October 1974 and 1975 grayling accounted 
for 17% and 54% respectively of the total trout and grayling biomass at 
Littlecote (average 35%) whereas at Freemans Marsh the respective figures 
were 51% and 41% (average 46%). This limited evidence suggests that grayling 
are a more important element of the fish community at Freemans Marsh than at 
Littlecote. 
Table 49. Population density and biomass of grayling in the Dun at Freemans 
Marsh. 
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c) Other Species 
Data on bullheads have been included in Section 4.4.3 for com-
parison with other sites. 
A summary of data on rainbow trout is given in Table 50. 
Population estimates of rainbow trout were 8 in 1974 and 4 in 1975. There 
was no significant difference between length-weight regression coefficients 
of rainbow trout at Freemans Marsh and Littlecote. 
Table 50. Mean lengths and weights with 95% confidence limits 
of each age class of rainbow trout from the Dun at 
Freemans Marsh in October. 
A summary of data on pike is given in Table 51. There were no 
significant differences between 1+ and 2+ fish from different years so data 
have been pooled. The population could not be estimated in 1975 (second 
catch larger than first) but in 1974 was estimated as 12 fish. More pike 
were caught at Freemans Marsh than during the whole of the Kennet fishing. 
Although comparison was difficult, Littlecote pike appeared slightly larger 
than pike from Freemans Marsh. There was no significant difference between 
the length-weight regression coefficients for these two sites. 
Table 51. Mean lengths and weights with 95% confidence limits 
of each age class of pike from the Dun at Freemans 
Marsh in October. 
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5. COMPARATIVE STUDY OF CHALK STREAMS 
5.1 INTRODUCTION AND SITES 
In order to investigate the extent to which data collected from the 
study sites at Bagnor are applicable to other chalk streams, a total of 11 
sites (Fig. 4, Table 52) were studied for a 12-month period in 1975-76. 
These sites included 5 which were already being studied and 6 additional sites. 
The prime considerations in selecting additional sites were that they be 
within the range of size and depth already encountered within the project, 
both for direct comparability and to enable use of the same methodology; that 
they be in a broadly similar environment, to avoid such problems as pollution; 
and that they be preferably near Water Authority monitoring stations to 
provide information on discharge and water chemistry. 
The five sites already under study were the two at Bagnor (see 
Section 3.3), one dominated by Ranunculus and one by Berula; the site on the 
Kennet at Littlecote (see Section 4.1), dominated by Ranunculus; and the two 
sites at Savernake (see Section 4.1), one dominated by Schoenoplectus and the 
other with both Ranunculus and Schoenoplectus as dominant macrophytes. 
Table 52. Location of sites used in the comparative 
study of chalk streams. 
The site on the Dun at Freemans Marsh near Hungerford, which was 
superficially examined in the 1974 Kennet survey, was included in this study. 
It is a relatively wide (10 m) silted reach with Ranunculus, Callitriche, 
Zannichellia palustris and Myriophyllum spicatum as the dominant macrophytes. 
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An additional site was chosen on the Lambourn at Weston Farm to 
study Callitriche where it was the dominant macrophyte. The site was 
immediately above hatches and hence deep, slow flowing and silted.Ranunculus 
and Zannichellia were also present in significant amounts. 
Two sites established by Southern Water Authority were chosen on 
the Candover, ensuring background biological, chemical and discharge data. 
The upper site at Abbotstone is a shallow narrow stream (4 m wide) with 
Ranunculus, Berula and Rorippa as the dominant macrophytes. The lower site 
at Borough Bridge is deeper, slower flowing and wider (7 m) with Berula and 
Callitriche as the dominant macrophytes. 
A site was studied on the Wylye at Norton Bavant, close to Wessex 
Water Authority discharge and chemical monitoring stations. The site was 
approximately 7 m wide, with Ranunculus as the dominant macrophyte. Zanni-
chelli-a was also common at the start of the study period. 
A final site was selected on the Bere Stream at Bere Heath. This 
is adjacent to stretches under study by the Freshwater Biological Association, 
which provided background biological, chemical and physical data. The site 
is about 7 m wide and the dominant macrophytes are Ranunculus and Rorippa. 
Unlike the other sites, it is a relatively unmanaged stretch of chalk stream, 
with little angling activity. 
5.2 PHYSICAL AND CHEMICAL CONDITIONS 
5.2.1 Discharge 
Fig. 66 shows the discharge regimes for the six streams studied 
obtained from gauging weirs operated by the respective Water Authorities. 
In general the weirs are close to the study areas and represent the discharge 
experienced at the site, but this is not always true. The most suitable 
data for Bagnor are those from Shaw, which represent the discharge from both 
channels of the river, whereas both the sites are on the north channel. 
The Marlborough weir is some distance above the Savernake sites and the 
discharge indicated is less than that experienced. Furthermore both here and 
at Weston the velocity at the site is reduced by hatches immediately below 
the site producing a substantially slower current than might be expected from 
the discharge. The discharge patterns may be roughly grouped as follows: 
Knighton, high average and wide range; Shaw, high average and low range; 
Marlborough and Great Shefford, low average and wide range; Norton Bavant, 
Bere Heath, Borough Bridge and Freemans Marsh, low average and low range. 
5.2.2 Temperature 
Monthly maximum and minimum temperatures were recorded by thermo-
graphs at 6 sites and are presented in Fig. 67. There is a substantial 
uniformity of pattern, with few records above 20°C or below 3°C. These data 
show that the drought in 1976 produced a considerable increase in the maximum 
recorded temperatures. As the water levels dropped in the winter of 1975, 
some problems arose with thermographs. Three months of records were lost at 
Savernake due to the probe being exposed to the air, and siltation around 
the probe produced the very damped regime observed at Littlecote. 
5.2.3 Chemical Characters 
Available data are presented in Table 53. There is little vari-
ability within the data, which are typical of clean, hard-water streams. 
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Fig. 66. Discharge regimes for the six rivers studied in the comparative 
survey of chalk streams, 1975. 
The pH values are predictably high (especially a single value for each of 
the Candover sites, but the values were not contemporaneous) as are the 
conductivity values. Turbidity, ammoniacal nitrogen and BOD are all very 
low (although there were occasional high Candover values which have no 
immediate explanation). Dissolved oxygen is very high, and the plant 
nutrients, phosphates and oxidised nitrogen, are also relatively high. 
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Table 53. Physical and chemical data for the comparative chalk streams study sites. a = shaded site, b = unshaded site, 
c = lower site, d = upper site. 
5.3 STUDIES OF THE MACROPHYTES AND SEDIMENTS 
5.3-1 Seasonal Changes at Individual Sites 
Monthly mapping has documented the growth and recession of the 
macrophytes on ten of the study sites. The exception was the Dun at Freemans 
Marsh which was mapped only in June and December 1975. Information on per-
centage cover of the different habitats on each site is summarised in Figs 
68 - 70. Changes in the area covered by the different habitats have already 
been described in detail for the Lambourn at Bagnor (Sections 3.3.1 and 3.3.2) 
and the Kennet at Littlecote (Section 4.2.1) and Savernake (Section 4.2.2). 
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Fig. 67. Monthly maximum and minimum temperatures recorded from six sites 
studied in the comparative survey of chalk streams. 
Fig. 68. Changes in the percentage of the river bed covered by different macrophytes and substrata for 
some of the study sites, April 1975 to March 1976. 
Fig. 69. Changes in the percentage of the river bed covered by different macrophytes for some of the study 
sites, April 1975 to March 1976. Key as for Fig. 68. 
Fig. 70. Changes in the percentage of the river bed covered by different 
macrophytes and substrata for some of the study sites, April 1975 
to March 1976. Key as for Fig. 68. 
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The additional site at Weston on the Lambourn was dominated by 
Callitriche which grew in June and July to give a maximum cover of 33% in 
August. Weed was cut in August as a preliminary to the implementation of 
the Thames Water Authority groundwater scheme and this cut reduced the area 
of Callitriche to 25% by September. The area of weed remained approximately 
the same for the remainder of the study. Ranunculus never exceeded 11% 
cover and was confined mainly to the shallower areas of the river where it 
provided little competition for the Callitriche. Zannichellia was present 
from July to December, reaching a maximum area of 10% in September. The 
area of gravel decreased from 18% in April 1975 to only 1% in December, as 
there was a gradual deposition of silt on the surface of the gravel. 
The new site on an unmanaged section of the Bere Stream at Bere 
Heath, allowed the natural sequence of growth and recession of the macro-
phytes to be observed. Ranunculus grew early, in March and April 1975, to 
give a maximum area of 66% in May. By the beginning of June, Glyceria 
maxima and Rorippa had begun to overgrow the Ranunculus beds, which had 
started to become moribund and rip out. Both Glyceria and Rorippa increased 
in area during the summer, Glyceria reaching a maximum area in September 
and Rorippa in November. Low discharge in the autumn resulted in deposition 
of silt over much of the site, increasing the area of silt from 2% in 
October to 29% by February. 
The site at Norton Bavant was intensively managed and weed was cut 
in April, May and August 1975 which restricted the growth of the Ranunculus. 
This species reached its maximum cover of 49% in August, but the weed cut at 
the end of the month reduced much of the weed to stubble which was washed 
out in a flood during the middle of September. Grazing pressure by swans 
from November onwards restricted the Ranunculus to short sparse growths for 
the rest of the study period. Zannichellia also occurred on this site, 
reaching a maximum cover of 31% in August. The severe weed cut in August 
removed much of the Zannichellia and the remainder was washed out in the 
September flood. Oenanthe fluviatilis was recorded in small patches but 
never exceeded a cover of 2%. Weed cutting in August exposed large areas 
of silt and there was also deposition of silt following the flood in Septem-
ber so that by the beginning of October silt covered 49% of the site. Some 
of this was later washed away to re-expose gravel and slight colonisation 
by Ranunculus reduced the area still further. 
The upstream site on the Candover at Abbotstone was dominated by 
Ranunculus which grew rapidly from mid-April to reach a maximum cover of 38% 
in June. Berula then began to colonise the Ranunculus beds which had become 
moribund and increased to a maximum of 24% in August. Rorippa also reached 
its maximum cover in August (21%) colonising the river bed from the banks. 
Both species then began to die back and rip out exposing gravel which by 
November covered 56% of the site and remained the dominant habitat until the 
end of the study. The area of silt increased gradually during the year but 
reached a maximum of only 11% in March. The build up of silt on this site 
was not as pronounced as on most of the other study areas. 
The second site on the Candover at Borough Bridge was characterised 
by a low macrophyte cover due to shading by trees. Total macrophyte cover 
never exceeded 50%, Callitriche being the dominant species for most of the 
year. Berula and Ranunculus also occurred but both species were of minor 
importance. Berula never exceeded 9% cover and Ranunculus had a maximum 
area of 8%. Rorippa colonised from the banks to reach a maximum cover of 
27% in August. A weed cut in August selectively removed Rorippa so that in 
September a cover of 6% was recorded. The area of silt increased from 10% 
in May to 36% in April 1976 due to deposition of silt during the low autumn 
and winter discharge. 
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The Dun site at Freemans Marsh had a diverse group of macrophytes 
including Ranunculus, Callitriche, Myriophyllum, Zannichellia, Apium nodi-
florum and Veronica anagallis-aquatica. In June 1975 Ranunculus was dominant 
(40%) but substantial amounts of Myriophyllum (16%), Callitriche (13%), 
Zannichellia (4%) and Veronica (4%) were also present. By December recession 
of Ranunculus had taken place so that there was an area of only 9%. 
Callitriche now dominated with a cover of 27% and Myriophyllum had also 
increased in area to 21%. Zannichellia and Veronica decreased in area to 
3% and 1% respectively. The area of gravel remained approximately the same 
whereas the area of silt increased from 2% to 20%. 
5.3.2 Growth Patterns of Major Macrophytes 
Other workers have recorded an earlier growth and flowering of 
Ranunculus towards the source of a river, and it was thought that the timing 
of the growth of Ranunculus would therefore be a useful method of site 
classification. The percentage cover of Ranunculus for all ten comparative 
sites, from April 1975 to April 1976 is shown in Fig. 71. The sites have 
been arranged using the timing of the maximum area of Ranunculus such that 
a site with the maximum area of Ranunculus occurring early in the year is 
at the top of the diagram and a site where the area of Ranunculus reached 
a maximum late in the year is at the bottom of the figure. This classifica-
tion of the sites gives a sequence which corresponds approximately to the 
longitudinal position. There are some obvious exceptions to this scheme of 
classification, since the growth of Ranunculus is also influenced by factors 
other than longitudinal position. At Weston and the Savernake lower site, 
Ranunculus did not grow as early as might have been expected from their 
upstream position. Both sites are upstream of hatches, which artificially 
increase the depth of the river and reduce current speed and it seems likely 
that this would explain the delayed growth of Ranunculus (cf. Section 3.3.4). 
At Savernake upper site, the Ranunculus was selectively grazed by swans 
(Section 4.2.2) and this restricted growth until June. The longitudinal 
pattern of growth of Ranunculus has already been discussed (Section 3.6.1). 
It is interesting that this same pattern of growth could be detected over a 
range of sites, and it suggests that longitudinal position is partly impor-
tant in controlling the timing of the growth of Ranunculus. There was no 
relationship between area of river covered by Ranunculus and longitudinal 
position and this was probably a function of physical parameters such as 
current speed, light, water temperatures and management policy. 
Berula was recorded at seven of the ten study sites, but only on 
four of these did it exceed a cover of 3%. The percentage cover for Berula 
on these four sites is plotted in Fig. 72. At Abbotstone Berula showed a 
seasonal pattern of change with a maximum area recorded in August. On the 
other three sites this seasonal pattern was not observed. On the shaded 
site losses of Berula in April to July 1975 were due to overgrowth of this 
species by Ranunculus. On the other two sites the area of Berula remained 
fairly stable. 
Callitriche occurred on all ten sites during the period of study, 
but only exceeded 5% on four of these. The results are plotted in Fig. 73. 
The site at Weston was dominated by Callitriche and here it showed a summer 
peak of growth in June and July. On the other sites, where Callitriche was 
in competition with other species, it failed to show this growth pattern and 
the area covered remained stable throughout the year. 
On all eleven sites silt showed an increase in area which coincided 
with low autumn discharge in 1975 and failure of the springs to break in 1976. 
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Fig. 71. Percentage cover of Ranunculus at each of the study sites, April 
1975 to March 1976. 
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Fig. 73. Percentage cover of Callitriche at four of the study sites, April 
1975 to March 1976. 
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Fig. 72. Percentage cover of Berula at four of the study sites, April 1975 
to March 1976. 
5.3.3 Studies on Macrophyte Biomass 
Estimates of macrophytebiomass have been made from the quantitative 
samples taken for invertebrates. Confidence limits are wide so that there 
are few statistically significant differences between the sites. The mean 
weight of Ranunculus in June 1975 (Table 54) varied from 210 g m-2 (Norton 
Bavant) to 425 g m-2 (Abbotstone). Biomass of Ranunculus in December 1975 
(Table 55) showed less variability between samples than in June thus narrowing 
the confidence limits. Ranunculus at Littlecote was significantly higher in 
biomass than Bagnor shaded and unshaded sites, Weston, Savernake upper site 
and Abbotstone, but there were no other significant differences between the 
sites. It is already known that Ranunculus is able to respond rapidly to 
changes in the physical environment (Section 4.2.2) and it is probably this 
response of Ranunculus in the autumn to suitable physical conditions at 
Littlecote which accounts for the difference observed. 
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Biomass of Berula showed greater variability between sites in June, 
but none of the differences observed was statistically significant. By 
December this variation had been reduced, suggesting that the growth form of 
Berula in December was similar on all sites. Callitriche showed the least 
variation in biomass, both between June and December samples and between 
sites. It is of interest that the only significant differences observed in 
biomass of macrophytes were those of Ranunculus in December. Berula and 
Callitriche showed little variation in biomass over a whole range of sites 
and this reflected the different growth strategies of the three species. 
Despite differences in the physical environment of the eleven study 
sites, similar patterns of growth and recession of macrophytes were observed 
although the timing of these patterns did vary slightly between the sites. 
5.4 THE INVERTEBRATE FAUNA 
The sampling programme in June and December 1975 obtained a total 
of 376 samples, representing 10 biotopes, which were processed to provide 
quantitative data on the invertebrate fauna, with identification generally 
to family. Table 56 summarises the samples taken. 
5.4.1 The Species Complement 
Table 57 records the 30 taxa found at all 11 sites, and the 44 taxa 
with a limited occurrence. 
Fig. 74 shows that a relationship exists between the sampling 
intensity and the number of taxa recorded, either per biotope or per site. 
These relationships were tested using the Spearman rank correlation co-
efficient and both were significant (biotopes Rs = 0.80, P < 0.001; sites 
Rs = 0.51, P < 0.01). It is not clear whether this is a species acquisition 
curve with increasing sampling effort, or whether it reflects the greater 
habitat or site variation covered by the increasing number of samples. The 
similarity between the two data sets suggests that the former explanation 
may be the more significant. Either way, it must be considered when evalua-
ting subsequent analyses. 
Sørensen association coefficients were calculated between faunal 
lists for each site (Table 58). The high association values throughout 
(average 84%. mutually occurring taxa) indicate the uniformity of the chalk 
stream fauna. Heterogeneity can be demonstrated however, as in Table 59 
which shows the longitudinal zonation of a selection of taxa. The sites are 
ordered subjectively from biologically 'downstream' at the left, to 'upstream' 
at the right. Care must be taken when selecting taxa for this type of 
analysis to avoid those merely displaying a preference for silted biotopes 
(e.g. Sialis lutaria, Pisidium spp.). Within the range of sites investigated, 
no taxa were observed to be restricted to the more upstream sites, a pheno-
menon which may be found in intermittent reaches. Some taxa were however not 
detected from some sites where they might be expected to occur, probably as 
a result of local environmental conditions. 
5.4.2 Numbers of individuals and diversity 
Two simple community parameters are the total number of individuals 
per unit area, and the diversity of the community. In this section, the 
chosen measure of diversity (based on the Shannon-Wiener Diversity Index, see 
also Section 3.4.3) is equitability, the proportion of the theoretical maximum 
diversity accounted for by the community. This minimizes dependence on the 
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Table 56. Numbers of quantitative invertebrate samples taken during the comparative study of chalk streams. 
Table 57. Occurrence of Taxa at 11 sites. 
number of taxa recorded, reducing the significance of relatively scarce, and 
hence unreliably sampled taxa. For example, in the June 1975 samples, the 
variation in the number of taxa is sufficient to produce a range of maximum 
diversity values from 3.17 to 5.04. These two methods ignore the identity 
of the community components, thereby losing much of the information content 
of the samples, but provide community indices which are simple to compute. 
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Fig. 74. The relationship between sampling intensity and the number of 
invertebrate taxa recorded from the study sites. 
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Table 58. Sørensen association coefficients and number of taxa per site. 
Table 59. Examples of taxa showing restricted distributions at 11 sites which may be explained by the 
longitudinal position of the sites. 
Fig. 75 shows the ranges of values observed for these two para-
meters in June 1975. It should be noted that equitability is substantially 
less variable than density within a set of replicate samples over most of 
the range. This is due to the logarithmic transformation used in the 
calculation of equitability. No simple relationship can be observed between 
these parameters, but there is a general trend for samples containing large 
numbers of animals to have a lower equitability, suggesting that in these 
samples the community is dominated by a few abundant taxa. 
Fig. 76 shows the distribution of density and equitability values 
for selected biotopes. Gravel and silt show no apparent difference in their 
range of values for either parameter. No difference in equitability can be 
observed when comparing macrophyte and non-macrophyte biotopes, but 
densities on the macrophytes are substantially higher. Comparison of 
gravel and Ranunculus samples show a similar pattern. Most of the macro-
phyte samples are of Ranunculus, Berula or Callitriche, and none of these 
are readily separable using these parameters. Zannichellia appears to have 
rather higher densities and lower equitabilities than the other macrophytes, 
but this may be due to differences in the sites rather than the biotopes. 
Comparisons between sites are also inconclusive. There are no 
consistent differences between sites or biotopes shown by density or equit-
ability. An example is shown in Fig. 77 for all sites using gravel and 
Ranunculus. Although a sequence of sites can be constructed for a com-
bination of community index and biotope, different combinations yield 
different sequences. The general conclusion to be drawn from this is that 
if the sites or biotopes do differ in an overall manner, they cannot be 
separated by considering the differences of the sums of the community com-
ponents. Analysis based on the sum, for each taxon, of differences 
between samples (e.g. Principal component analyses, cluster analysis) may 
be more helpful (see Section 5.4.4). 
5.4.3 Habitat Preferences 
The range of densities recorded for 12 of the most abundant taxa 
are illustrated in Figs. 78 - 81. Only the five most common biotopes are 
included to minimize site-dependent effects on the densities attained. 
The data correspond closely to those for Bagnor in 1971, with most taxa 
showing a distinct preference for macrophyte biotopes in most situations. 
Taxa illustrated which do not follow this generalization are the Sphaeriidae 
which favour silt, and the Glossosomatidae which prefer gravel. 
While the taxa illustrated tend to show a preference for Ranunculus, 
Section 5.4.2 shows that there is not generally a higher total density on 
this than on other macrophytes, although non-macrophyte biotopes usually 
have lower densities. Thus some taxa may show a strong habitat preference 
in some samples, while showing a reduced preference for the same habitat in 
other samples, this pattern applying to both within and between biotope 
comparisons. It is evident that a factor of habitat quality such as water 
velocity or siltation, rather than biotope type, is often the principle in 
determining the densities of specific taxa in particular samples. 
5.4.4 Multivariate Analyses of Community Structure 
Multivariate techniques are intended to resolve large quantities 
of relatively small and often contrary changes in community composition into 
an overall representation of the relationships between the components. 
Individual taxa respond in different ways to various environmental parameters 
and it would appear unreasonable to expect a technique to produce an ordering 
which relates to a simple environmental parameter. 
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Fig. 75. Ranges of values of equitability and density of invertebrates on 
different biotopes at each of the study sites, June 1975. 
Key to sites as in Table 58. 
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Fig. 76. Frequency distributions of equitability and density for various 
biotopes for June 1975. 
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Fig. 77. Ranges of values of equitability and density of invertebrates 
on gravel and Ranunculus on the study sites, June 1975. 
Key to sites as in Table 58. 
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Fig. 79. Range of densities of some of the most abundant invertebrate taxa 
on the five most common biotopes at the study sites, June 1975. 
Key to sites as in Table 58. 
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Fig. 80. Range of densities of some of the most abundant invertebrate taxa 
on the five most common biotopes at the study sites, December 1975. 
Key to sites as in Table 58. 
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Fig. 81. Range of densities of some of the most abundant invertebrate taxa 
on the five most common biotopes at the study sites, December 1975. 
Key to sites as in Table 58. 
163 
Principal component analysis has been used to analyse between 
biotope, between site and between taxa similarities whilst cluster analysis 
has been used to analyse between sample similarities. The results are 
discussed in the following paragraphs. 
In Fig. 82 the first 2 co-ordinates of a principal component 
analysis of the 1975 Bagnor samples is shown. These data were chosen to 
provide the largest range of biotopes with the smallest range of sites. 
The general pattern of such analyses (see Section 3.4.3) is of a relatively 
good separation between macrophyte and non-macrophyte biotopes in the first 
component, and of gravel and silt in the second. The macrophyte samples 
contain a large element of overlap, with Callitriche generally appearing 
toward the silt values, and Berula and Ranunculus toward gravel. There is 
a general trend in these analyses that the first component broadly reflects 
density, and the second diversity. If the biotopes are ordered into the 
sequence suggested by water velocity as discussed in the previous report 
i.e. gravel, Ranunculus, Berula, Callitriche, silt, a horse-shoe shaped 
pattern may be observed in the scatter diagrams, in the sequence low 
positive 1st principal component, low negative 2nd principal component; 
to high positive 1st principal component, zero 2nd principal component; to 
low positive 1st principal component, low positive 2nd principal component. 
This appears to be a consistent feature of a number of different principal 
component analyses. 
Fig. 82. Principal component analysis of Bagnor samples June and December 1975. 
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Fig. 83 shows the between-sites comparisons on selected biotopes, 
avoiding between-biotope variation. While pattern is not immediately con-
spicuous, it is evident that the relative locations of sites are similar 
for both biotopes. If the horse-shoe pattern is sought, then the sequence 
of samples along this profile reflects relative silt deposition on the 
sites (subjectively assessed) with the most silted sites appearing in the 
top left, and the least silted at bottom left. An inverse relationship 
would be expected between this parameter and water velocity, and while no 
objective assessment of this parameter is available for comparison with 
the invertebrate data, the similarity in interpretation between this and 
the preceding analysis tends to support the hypothesis. 
An ordination of taxa, using the Bagnor December data, is shown 
in Fig. 84. The suitability of these data has been mentioned above, and 
until more is known about the regulating mechanisms of populations, it may 
be the only data suitable for this type of analysis. Although not dis-
cretely separated, the previously mentioned horse-shoe pattern can be 
detected again. Examples of observed biotope preferences include Glossoso-
matidae and Goeridae on gravel; Baetidae and Polycentropodidae on 
Ranunculus, Gammaridae, Ephemeridae, Elminthidae, Hydropsychidae and 
Hydracarina on Berula; Physidae, Ostracoda, Ephemerellidae and Cerato-
pogonidae on Callitriche; and Sphaeriidae and Sialidae on silt. Thus this 
figure can also be interpreted as supporting the hypothetical horse-shoe 
shaped curve following the profile of increasing siltation/decreasing water 
velocity. 
A clustering of December Ranunculus samples using the Czeckanowski 
similarity coefficient, and group average clustering is represented in 
Figs 85 & 86. The logarithmic transformation of the densities (Fig. 86) 
provides a better separation of samples into sets of replicates. This 
implies that the technique is capable of distinguishing between-sample from 
between-site variability, resulting from the nature of the stress applied 
to the data to produce clusters. The sequence of sites, read vertically, 
bears a marked similarity to the velocity-silt gradient produced by 
principal component analysis but appears to have better resolution. This 
may however be due to the method of display, and the realism of the re-
lationships between less similar samples is uncertain. 
Both principal component analysis and cluster analysis appear 
capable of resolving the data sets into relatively discrete groupings which 
can be explained both in terms of their component members and by their 
relationship to other groupings. The inability of either technique to 
produce absolutely discrete groupings in consistent sequences implies that 
the subjective categories (sites, biotopes) are not perfect classifications, 
and that the environmental variable along which these groupings are ordered 
has an effect of comparable magnitude on community composition to that of 
the biotope-site effect. The main environmental gradient appears to be one 
of increasing siltation/decreasing velocity, which exerts itself through 
density, diversity and the density of individual taxa. 
5.5 SURVEY OF MAYFLY EMERGENCE PATTERNS 
Since the mayflies are important to fly fishermen, are mostly 
multivoltine, quite sensitive to flow regime and show zonation, they were 
thought to be good indicators of environmental quality and worth a more 
detailed study. Consequently 5-minute samples with a pond net were taken 
at approximately weekly intervals at 7 sites from spring 1974 and at a 
further 4 sites from spring 1975, until spring 1976. Pre-emergent mayfly 
nymphs picked from these samples provided information on the life cycles 
of several species over a range of locations and years. 
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Fig. 83. Principal component analysis of gravel and Ranunculus samples from the study sites, December 1975. 
Key to sites as in Table 58. 
Fig. 84. Inverse principal component analysis of Bagnor samples, December 
1975. Only selected taxa are illustrated. 
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Fig. 85. Dendrograms of December 1975 Ranunculus samples from the study 
sites. Produced using the Czeckanowski similarity measure and 
group average clustering. Key to sites as in Table 58. 
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Fig. 86. Dendrograms of December 1975 Ranunculus samples from the study 
sites. Produced by using a 1n (n + 1) transformation, the 
Czeckanowski similarity measure and group average clustering. 
Key to sites as in Table 58. 
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Table 60 summarizes the total numbers of pre-emergent nymphs 
recorded during the study period. Baetis vernus generally is the most 
abundant, with between 26 - 70% of records, followed by B. rhodani with 
6 - 49%. Neither B. scambus nor Ephemerella ignita contributed more than 
30% and no other species except Caenis rivulorum exceeded 5%. 
In all cases except the Bagnor fast site, more pre-emergent 
nymphs were recorded in 1974-75 than 1975-76. However, whilst numbers of 
B. vernus and E. ignita were generally lower in 1975-76, those of B. 
scambus and C. rivulorum tended to be higher, suggesting a variation in 
the proportion of microhabitats available. 
Fig. 87 illustrates the seasonal variation in numbers of pre-
emergent nymphs of the 4 most common species. These all show several 
generations per year with substantial variation in the relative size of 
generations both between sites and between years. In general, however, 
the number of generations for a particular species seems constant. 
B. rhodani shows an emergence of overwintering nymphs around 
April, a summer generation about July and an autumn generation from October. 
B. vernus shows substantial numbers of pre-emergent nymphs throughout the 
summer, with major peaks in May - June, July - August and October - November. 
B. scambus has peaks in May - June and August - September, but in some 
1975 data there appears to be a peak in August with a later peak in October, 
suggesting that the above average water temperatures allowed an extra 
generation to occur. 
Ephemerella ignita has a major emergence between May and July, 
with small numbers emerging in late autumn. Pre—emergent Caenis rivulorum 
were only recorded in May and June implying a single generation per year. 
No other species were recorded with sufficient frequency to justify assump-
tions about their life cycle. 
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Table 60. Numbers of pre-emergent mayfly nymphs recorded between April and March from the study sites. 
Fig. 87. Seasonal variation in number of pre-emergent mayfly nymphs of 
the four most abundant species at eleven sites. 
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6 ECOLOGY OF EPIPHYTIC CHIRONOMIDS 
6.1 FIELD STUDIES 
6.1.1 Methods 
The seasonal dynamics, microdistribution, and behaviour of 
chironomid larvae on submerged leaf surfaces were studied at Savernake on 
the Kennet. Emphasis was placed on obtaining detailed information on 
individual species since some data on the total chironomid community had 
been obtained in the main programme. 
Quantitative samples of Schoenoplectus lacustris were taken every 
7-10 days from June 1975 to January 1977, then at monthly intervals until 
May 1977. Ten samples were taken, each consisting of a whole plant, except 
from January to June 1976 when ten single leaves were sampled. The plants 
were sectioned into 10 cm lengths and preserved in 5% formalin in the field. 
The animals and detritus were removed from the leaves with a blunt scalpel 
and filtered through 50 µm bolting silk, which retained all instars of 
medium and large species. All chironomid larvae and other large inverte-
brates were removed under xl2 magnification using a binocular microscope. 
Leaf area was measured directly on graph paper. Detritus was defined as 
all material on the leaf surface other than macroinvertebrates, and it 
included algae, organic particles, and usually only small amounts of mineral 
particles. 
From January 1976 to December 1977 a floating emergence trap was 
operated to obtain a species list and to confirm provisional identifications 
of larvae. 
6.1.2 Seasonal changes in abundance 
Fig. 88 presents seasonal changes in the total number of 4th 
instar chironomid larvae per 100 cm2 of Schoenoplectus sampled at Savernake 
between June 1975 and May 1977. A log transformation was applied to the 
data, and the densities of the 4th instars of the more important species 
are also shown. The mean area of Schoenopleatus per sample is given in 
Fig. 88 and since only single leaves were sampled from January to June 1976 
there is an arbitrary change in scale for this period. Discharge data for 
Marlborough gauging station is plotted, but discharge on the study site was 
higher than this since the Og joins the Kennet downstream of the gauging 
weir and infiltration through the bed was probably important. Using limited 
discharge data from the Og, it was estimated that it contributed a further 
20 - 35% to the discharge recorded at Marlborough gauging weir. 
The peak densities of total chironomids are compounded of a number 
of species which do not show annual periodicity over the period of study. 
The lack of overall pattern is to be expected because of the atypical dis-
charge regime during the study and its effect on the vegetation. Considera-
tion of these events will enable some of the trends to be explained. 
Discharge decreased continuously from the start of sampling until 
December 1976, when the minimum discharge of 0.002 cumecs was recorded, 
which represented a surface current velocity of less than 2 cm sec-1, as 
measured by a neutrally buoyant object in midstream. The maximum discharge, 
recorded in February 1977, was 5.24 cumecs. Hatches downstream were kept 
in the lowered position to maintain water depth during the period of low 
discharge, resulting in a slow turnover of water. 
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Fig. 88. Density of fourth instars of all species of chironomids and the 
more important species on Schoenoplectus from June 1975 to May 
1977. Environmental variables are: Mean daily discharge per 
month with range (vertical bars), at Marlborough; maximum and 
minimum weekly temperature; density of dry weight of detritus 
on Schoenoplectus, mean area per plant or leaf of Schoenoplectus 
on each sampling date. 
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An approximate mean monthly temperature was calculated from the 
weekly maximum and minimum values shown in Fig. 88. Since the means of 
1975 and 1977 were similar for most months, these were combined and compared 
with values for 1976 using a t-test. It was warmer from April to October 
in 1976, with June, July, August and October being significantly warmer 
(p < 0.05). The mean monthly range from maximum to minimum was calculated 
from the weekly values. From November 1975 to October 1976 the variation 
was greater than for corresponding months in other years from January 1975 
to September 1977, although only November and December 1975 and April 1976 
showed significant differences using a t-test. 
The higher water temperature and greater range was attributed to 
the higher air temperature and reduced infiltration of ground water which 
would normally produce a moderating influence. 
Reference has already been made (Section 4.2.2) to the remarkable 
stability in the percentage cover of Schoenoplectus on the two 50 m study 
sites at Savernake, mapped between 1974 and 1976. The limited biomass data 
available suggested an increase during the summer with an autumn maximum. 
In the present sampling programme the area of Schoenoplectus 
leaves sampled (Fig. 88) began to rise in March - April and reached a peak 
in mid to late summer. Hence, although the area of leaf surface was several 
times greater in summer than in winter, the habitat was available throughout 
the year since the decrease in winter was brought about by decay at the 
ends of the leaves rather than by rip-out. In 1976 the Schoenopleotus grew 
normally until June, when it was smothered by an extensive floating mat of 
Cladophora which killed most of the submerged leaves. Regeneration from 
the rhizome system began when the alga was cleared as a result of rainfall 
in September. This event accounted for the smaller surface area of in-
dividual plants of Schoenoplectus in autumn of 1976 compared to the same 
period in 1975. From June until September Schoenoplectus was a minor habitat 
and samples had to be taken from areas where it was unaffected by Cladophora. 
The fauna of the Cladophora was unlike that of Schoenoplectus since the silt 
and decaying alga provided a habitat that was colonised by benthic species. 
The two peaks in the density of detritus on Schoenoplectus in 
1976 may be explained by the activity of chironomids and the blooming of 
algae. Detritus and larval densities were closely associated, both through-
out the sampling period, as shown by the similarity of the curves for detritus 
and total larval density, and for the data on each sampling occasion, when 
correlation coefficients were usually significant at p = 0.001. This was 
assumed to be the result of two inter-related processes. Detritus constituted 
a major food item, and the larvae would be attracted to or remain in areas 
of high detritus density. Secondly, the building of tubes fixed detritus 
to the leaf surface, which would otherwise have been washed away by the 
current. This view is supported by the field experiment with polythene weed, 
reported later, in which larval tubes contributed 35 - 44% of the material 
on the leaves. 
Detritus was derived mostly from suspended solids. In spring 1976 
these were considerably augmented by mud and diatoms that has been raised 
from the bed by the photosynthetic activity of the diatoms. During late 
March and in April, this floating material covered large areas of river 
surface, from which particles sank. 
Discharge did not correlate directly with the density of detritus 
on Schoenoplectus, but the low flow allowed far greater deposition than was 
observed in 1975 or 1977, and the high discharge from January 1977 removed 
most of the detritus from the leaves. 
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The species found could be grouped into 3 broad divisions on the 
basis of their occurrence and abundance through the wide range of discharge 
conditions observed during the period of study. 
1) True current-liking forms that were not recorded in the drought, 
including Eukiefferiella claripennis and Orthocladius thienemanni, the 
latter being the only species that maintained a substantial population 
during the spring of 1977 when discharge was high. 
2) Tolerant types that were found throughout the two year period in-
cluding most of the species encountered, e.g. Cricotopus bicinctus, C. 
fuscus, Orthocladius sp. A (Pinder), Synorthocladius semivirens, Thiene-
manniella spp., and Paratanytarsus inopertus. These species were not 
excluded by the low flow or the high temperature of 1976. The low density 
of orthoclads in the summer of 1976 may be due to inadequate sampling, 
although summer is normally a period of low density for this subfamily in 
rivers. None were tolerant of the high discharge in 1977 and a large 
population of second and third instars of several species had disappeared 
by February. The poor start to the year was reflected throughout 1977 in 
the low emergence trap catches. 
3) Slow and still water forms, which, although they were found 
sporadically at other times, had a maximum density in late 1976, e.g. 
Psectrocladius sordidellus, Cricotopus sylvestris. 
Fig. 89 shows the results of 16 months of emergence trap catches 
from January 1976 to April 1977. The data have been rearranged into larger 
taxa and are presented on a percentage basis in Fig. 90 and a numerical basis 
in Fig. 91. The results show similarities with those from other small 
streams. In 1976 (Fig. 90) the Orthocladiinae and Tanytarsini showed con-
tinuous emergence throughout the year, with fewer species during the winter. 
The Tanypodinae were absent during winter, and the Chironomini were confined 
to April - October. In terms of numbers, the Orthocladiinae were the 
dominant group for much of the year, showing a decline when the Chironomini 
and Tanypodinae became important in mid-summer and autumn respectively. 
The Tanytarsini did not show such pronounced seasonality. 
In summer 1976 several species of Chironomini appeared which are 
normally regarded as mud-dwelling forms and were probably favoured by the 
heavy deposition of detritus on the bed. Fig. 89 shows the absence of many 
species in April and May 1977 which were present in these months in 1976. 
The high discharge of early spring 1977 removed the larval population, and 
only species which may be regarded as typical of Savernake were trapped in 
late spring 1977. Thus, although still-water species took the place of the 
flowing-water species that disappeared in the drought, this new community 
was not immediately replaced after the high discharge of spring 1977 by the 
original community. 
6.1.3 Microdistribution of larvae 
Early observations had indicated that many larvae preferred the 
extremity of leaves, so their longitudinal distribution on the leaves was 
investigated to discover if there were differences amongst species. For 
each leaf the density in each 10 cm zone (i.e. one sample) was expressed 
as the fraction of the sum of densities for the whole leaf, so that the sum 
of. these fractions was 1.0. The zones were treated as relative distances 
along the leaf on a unit scale. These two variables for all leaves collec-
ted on one sampling occasion were plotted in a single linear regression. 
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Fig. 89. Emergence of adult male chironomids each week at Savernake. 
Fig. 90. Percentage of species and percentage of individuals for major 
taxa of chironomids at Savernake, based on emergence trap catches 
of adult males in 1976. 
The results showed differences in the distribution patterns amongst 
species, along the leaves. However, correlation coefficients were often 
low, even though significant, and the percentage of variance explained by 
the regression was often much less than 50% so differences amongst species 
could not be stated in precise mathematical terms. The following generalisa-
tions were possible. Cricotopus bicinctus appeared to have the greatest 
preference for the ends of leaves. Cricotopus fuscus, C. sylvestris, 
Orthoeladius sp. A. and 0. thienemanni all had a similar distribution with 
a preference for the end. Results for Paratanytarsus inopertus and Synor-
thooladius semivirens were somewhat variable and these species showed little 
consistency in their distribution. Psectrocladius sordidellus was found 
mainly near the base of each leaf, suggesting that it was a benthic species. 
Many other uncommon species were also found predominantly on the lower parts 
of the leaves, e.g. most Chironomini, Tanytarsini (except Paratanytarsus 
and Rheotanytarsus) and Tanypodinae. 
Results for some second and third instar larvae indicate that they 
have a similar pattern of distribution to fourth instar larvae. First 
instars of Orthocladius thienemanni could be identified and these, too, 
showed no difference in distribution pattern from later instars. 
178 
Fig. 91. Number of species of adult male chironomids in each major taxon and cumulative number of 
species per taxon in 1976 at Savernake. 
The constancy of the distribution patterns indicated that the 
larvae were responding in a predictable manner. The results did not suggest 
what determined their behaviour, though site selection on the basis of food 
availability was thought to be a strong possibility. 
6.1.4 Colonisation of artificial Schoenoplectus 
In April 1976 a short experiment was conducted using strips of 
thick polythene sheeting to mimic leaves of Schoenoplectus. This simplified 
system could be manipulated to investigate how colonisation from the drift 
affected the observed microdistribution on leaves. Some interesting points 
emerged from this experiment but owing to the fast flow and low density of 
larvae in 1977 it was not possible to continue the experiments. A large 
number of strips measuring 55 x 1 cm were placed in the river, anchored by 
a base string. Five leaves were removed at 3 - 4 day intervals and preserved 
in formalin. Floating rafts of mud and diatoms settled on the leaves after 
a fortnight so the experiment was terminated early. In the laboratory the 
larvae were counted and the position and distance between the tubes construc-
ted by some chironomid larvae were measured. Collections of Schoenoplectus 
were made on days 3 and 13 of the experiment for comparison with the results 
obtained from the polythene sheeting. 
Fig. 92 shows changes in the density of larvae with time. Colon-
isation was rapid, with highest density recorded after 6 days, though the 
density on day 3 on new growth of Schoenoplectus was more than twice and on 
old growth five times the peak recorded on the polythene. The rapid decline 
in density caused by the emergence of Cricotopus bicinctus made it difficult 
to compare the efficiency of polythene as a substitute. 
Instar composition was almost identical on both substrata except 
for fewer pupae at the beginning. Species composition at the end of the 
experiment was very similar, with 14 species of chironomids recorded on 
polythene and 15 on Schoenoplectus. For other invertebrates 9 taxa were 
recorded on polythene compared to 7 on Schoenoplectus. However, the con-
clusion that polythene is a good substitute for use in field experiments 
must be viewed with caution since in 1977 a more detailed experiment failed 
when the dominant species, Orthocladius thienemanni, did not colonise the 
polythene presumably because the current did not allow the larvae to hold on. 
6.1.5 Tube Spacing 
Tubes were produced by some species of larvae on settling, and 
their position relative to other tubes may reflect a spacing mechanism that 
could limit maximum density. It was assumed that a tube, on any substratum, 
represented one larva, though this tended to overestimate larval density 
since some tubes were vacated. 
Tubes were recorded in higher densities on the upper surface of 
polythene. Longitudinal variation in density was slight, with a tendency 
for more tubes at the end of the leaf. 
Histograms of the distance from the upper opening of the tube to 
the nearest neighbour showed pronounced negative skewness with a mode at 5 mm 
for both polythene and new growth of Schoenoplectus (Fig. 93). Since the 
area between two tubes was common to both inhabitants, the modal range of 
each larva would be half the modal distance, i.e. about 2.5 mm. This probably 
represented the grazing range of the larvae around the end of their tubes, 
within which either aggressive behaviour towards a neighbour occurred or the 
animal simply removed the neighbour's tube. If there is a spacing mechanism 
based on aggression it was not observed in the laboratory stream where larvae 
were seen feeding and building alongside each other. 
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Fig. 92. Colonisation curves for April 1976 artificial weed experiment, showing mean number of third 
and fourth instars per leaf for the more abundant species, and change in species abundance. 
Fig. 93. Distance between nearest tubes on polythene and Schoenoplectus in the field 
experiment of April 1976. 
6.2 LABORATORY EXPERIMENTS 
6.2.1 Methods 
The causes of the distribution observed in the field were inves-
tigated in a laboratory stream. Attention was focused on the response of 
chironomid larvae to Schoenoptectus leaves, when offered a choice between 
old leaves having a thick covering of detritus and periphyton and new leaves 
with little surface material. In addition, the distribution of chironomid 
larvae along the leaves was investigated at several current speeds. 
The laboratory stream consisted of a glass tank (93 x 38 x 30 cm) 
fitted with a longitudinal partition 10 cm from the front face with a 10 cm 
gap at either end (Fig. 94). The flow was produced by a propeller 12 cm in 
diameter, driven by a variable speed motor. Turbulence was reduced by a 
series of baffles of equal radius spaced about 4 cm apart and placed in each 
of the four corners of the tank. Although the flow was not laminar, there 
were no pronounced eddies, and neutrally buoyant objects moved in the same 
position in the water column for the greater length of the tank. All experi-
ments were conducted with sections of Schoenoplectus leaf 35 cm long which 
had uniform appearance. The leaves were anchored by wedging them into holes 
in a base plate with a small cork. The holes were spaced at 2.5 cm intervals 
to prevent interference amongst the leaves. A 12 watt fluorescent strip 
light provided top illumination, and the temperature was kept at 10°C. 
Observations were made of the position of larvae, and, if possible, 
species and instar, using a hand magnifying glass. The position of leaves 
and larvae were drawn onto acetate sheet taped to the front glass. Both 
the acetate sheet and the central baffle were marked with a grid with 5 cm 
intervals to fix the position accurately. The current speed was measured 
with a Miniflow meter in the centre of the test channel in each square of the 
grid marked on the acetate sheet, giving a total of 60 readings throughout 
the channel, from which a mean value was calculated. The number of larvae 
seen through each square was expressed per unit length of leaf in the square. 
When larvae were put into the tank, the numbers in the drift dropped 
rapidly. Since settlement was fast, a time series was run to determine the 
period required to obtain representative results for distribution patterns 
along the leaf. Total numbers counted at 2, 5 ¼ and 9 hours after the start 
were 118, 136 and 154, and the relative densities at different distances 
along the leaves changed little after 2 hours. Two hours was therefore con-
sidered sufficient settling time before counts were made. 
6.2.2 Leaf Selection 
The importance of the material attached to the leaf surface was 
tested by providing a choice between new and old growth of Schoenoplectus, 
the old sections having much more detritus and periphyton. The experiment 
consisted of several runs at different current speeds, each lasting for 2 hours 
and the larvae were removed from the leaves between each run. Longitudinal 
distribution was examined using six 5 cm zones for each leaf. 
The results are shown in Fig. 95. The densities on old leaves with 
thick periphyton were normally greater than on new leaves, the difference 
being significant for many runs. This could indicate selection of old leaves, 
but it was observed that larvae could not grip new leaves as well as old ones 
on first making contact, Hence, re-entry into the drift was not entirely by 
choice, and substratum roughness may have been determining settlement rates. 
183 
Fig. 94, Diagram of laboratory stream. Key: b = baffles; c = cooling unit; d = perforated base plate; 
1 = light hood; m = variable speed motor; p = central partition. 
Fig. 95. Dispersion patterns for total chironomids in the laboratory stream. 
Zones f - a are 5 cm sections from the base to tips of Schoenoplectus 
leaves. Open columns are old leaves with thick periphyton, closed 
columns are new leaves. 
The distribution pattern was as expected for new leaves, with 
greater density at the tip. However, for old leaves either no obvious pattern 
was found or it was reversed. 
Two possible mechanisms are proposed. Larvae may climb to find 
areas of higher food density, or they may be passively moved along a leaf by 
the current. On old leaves, food is plentiful so there is no climbing 
response, and the larvae can maintain station on the rough substratum. New 
leaves have low food density and provide a poor surface to grip, so in either 
case the larvae will move towards the tip. Higher current speeds may be 
avoided, where possible, by descending, which would account for the lower 
density of larvae at the tip of old leaves. However, no correlation was 
found between the density of larvae and the current speed. 
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Having reproduced a zonation in the laboratory and discovered a 
difference in behaviour with leaves differing in quantities of detritus and 
periphyton, the rates of attachment to different parts of the leaf were 
examined over a longer period. The experimental design was similar to the 
initial series and observations were made over 8 hours. 
The rate of colonisation was progressively greater towards the 
tip for new leaves but was approximately equal in all zones for old leaves, 
resulting in the same distribution patterns as previously found. As before 
fewer larvae were recorded on the new leaves. Since arrival from the drift 
must be equivalent for all leaves, the lower numbers on new leaves must be 
the result of a faster rate of return to the drift. It is apparent that new 
leaves with a poor coating of detritus are unsuitable habitats, with much 
upward movement occurring on them, and that loss to the drift must play a 
substantial part in redistributing larvae within weed beds. 
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7. ECOLOGY OF EPIPHYTIC MAYFLIES 
7.1 LIFE HISTORIES 
The life histories of Baetis vernus, B. rhodani and Ephemerella 
ignita were investigated on the Kennet at Savernake and Littlecote in 1975 
and up to June 1976. Less detailed studies took place on the Lambourn at 
Bagnor between January and November 1975. The microdistribution of ephemer-
opteran nymphs was also examined on the Kennet at Savernake. 
7.1.1 Methods 
In 1975 quantitative sampling was carried out at approximately 
weekly intervals on each site on the Kennet, whilst the Lambourn at Bagnor 
was sampled at fortnightly intervals. The Lambourn sampler (sampling area 
0.05 m2) was used to take random samples from areas of stream bed covered 
by the dominant macrophyte. Five samples were taken at each site on each 
sampling date but on average the number of samples analysed per site for 
each sampling date was three. Removal of the invertebrates from the benthic 
debris was done by flotation in a magnesium sulphate solution of specific 
gravity 1.2. Ephemeroptera were then picked out by hand, identified and 
measured to the nearest 0.5 mm. 
To interpret life history data, histograms for each species at 
each site were prepared. Arithmetic mean density of nymphs is given to-
gether with an indication of the proportion of both small (< 3.5 mm) and 
large (> 7 mm) nymphs present in each sample. It is assumed that nymphs 
under 3.5 mm have recently hatched whilst those above 7 mm are nearing the 
time of emergence. The results of the separate sampling programme for pre-
emergent nymphs (Section 5.6) were also used to aid the interpretation of 
life history phenomena. 
7.1.2 Baetis rhodani (Fig. 96) 
At Bagnor both population density and pre-emergent nymph data 
suggested that the overwintering generation was emerging around March/April 
1975. However, small numbers of individuals are known to emerge throughout 
the winter, as recorded in the winter of 1975/76. Population data indicated 
the presence of many small nymphs (< 3.5 mm) of the first summer generation 
in June/July 1975, but only one individual > 7 mm was recorded in early 
August. Pre-emergent nymphs, although present in June, July and August were 
never abundant and there was no clear first summer generation of B. rhodani 
as seen at Savernake in July 1975. Heavy predation by fish on large nymphs 
or the migration of nymphs out of the sampling area could account for these 
results. An alternative hypothesis would be that the nymphs of the first 
summer generation develop very slowly and only emerge in October. However, 
in 1972 a similar sampling programme for pre-emergent nymphs revealed a 
distinct peak of nymphs in July suggesting the probability of between-year 
variation in the size of the first summer generation reaching maturity at 
this site. By late September large numbers of nymphs were present in both 
sampling programmes and the pre-emergent nymphs suggested a substantial 
emergence of second summer generation B. rhodani between September and 
November 1975. 
At Savernake there appeared to be three generations of B. rhodani 
in 1975. The overwintering generation, which was complete by May, was 
followed by a first summer generation which grew through June and July to 
emerge in July and early August. The second summer generation then grew 
through August and September to give a less well-defined emergence period 
between September and November. 
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Fig. 96. Changes in the density of mayfly nymphs at Bagnor, Savernake and Littlecote. 
At Littlecote, high discharge in the early part of 1975 made samp-
ling impossible until May, when the overwintering generation had emerged, as 
indicated by the pre-emergent nymph data. Interpretation of the population 
density data for the summer poses problems due to the scarcity of nymphs 
> 7 mm between June and August. The pre-emergent nymph data support the 
population data with only three specimens being recorded between June and 
August. The gross differences in the density of nymphs recorded on con-
secutive sampling dates between June and August imply either inadequate 
sampling, a very mobile population of nymphs or a combination of these factors. 
(During this period three quantitative samples were analysed on all sampling 
dates except on two occasions when two samples were examined). In the second 
half of August only small specimens (< 3.5 mm) were recorded, whilst through 
September and into October, larger individuals dominated the samples. From 
mid-September onwards pre-emergent nymphs were taken on almost all sampling 
occasions to the end of November, indicating another emergence as seen at 
Bagnor and to a lesser extent at Savernake. 
7.1.3 Baetis vernus (Fig. 96) 
Overlapping generations made the interpretation of life history 
phenomena difficult in this species. At Bagnor, samples taken in January 
and February failed to reveal nymphs and the first specimens were recorded 
on 10 March 1975. Unfortunately no further sampling of the benthos took 
place until 15 April. Sampling for pre-emergent nymphs indicated the presence 
of specimens ready to emerge by 10 April and further specimens were recorded 
later in the month. During May most nymphs in the benthos were over 3.5 mm 
in length and large specimens (> 7 mm) were plentiful. In mid-June large 
numbers of B. vernus of all sizes made their appearance in the benthos and 
high numbers of pre-emergent nymphs recorded in early July may indicate the 
imminent emergence of this population. Late July also saw the appearance of 
small nymphs (< 3.5 mm) in greater numbers, followed by larger nymphs in 
August and into the autumn. This generation appears to have an extended 
period of emergence from late August to October and even into November, as 
judged from the pre-emergent nymph histograms. 
At Savernake there appeared to be two main summer generations, each 
of which had an extended period of hatching and emergence. The first genera-
tion began to hatch in March and peak emergence occurred at the end of May 
and the beginning of June. In July the second generation appeared and an 
extended period of emergence took place in July and August with further small 
numbers of individuals occurring in the pre-emergent nymph samples between 
September and December. Closer inspection of the second generation reveals 
that this may include two components with peaks of small nymphs (< 3.5 mm) 
in both mid-July and early August. 
At Littlecote, the first summer generation had peak numbers of 
both total nymphs and pre-emergent nymphs in late May, as recorded at 
Savernake. This was followed after a short interval by the extended second 
generation. Larger numbers of small nymphs (< 3.5 mm) in the second half 
of July and throughout August were followed by large nymphs (> 7 mm) in late 
August, September and early October. Pre-emergent nymphs, thought to be of 
the second summer generation occurred between August and December with peak 
numbers in September and October. 
The very low numbers of nymphs recorded in the benthos at Savernake 
in the spring of 1976 and the low numbers of pre-emergent nymphs (no records 
after 1 April for Littlecote) are believed to be due to the drought con-
ditions at this time. 
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7.1.4 Ephemerella ignita (Fig. 96) 
Small nymphs (< 3.5 mm) were recorded in the benthos in April at 
Bagnor and peak numbers < 3.5 mm were present in mid-June, suggesting an 
extended period of hatching. 
Pre-emergent nymph data indicated emergence throughout June and 
July but small numbers of pre-emergent nymphs were caught as late as October. 
At Savernake a marked period of hatching took place in April and 
a very high density of nymphs occurred in the benthos until the end of May. 
Pre-emergent nymphs increased through May, reaching a peak in late June but 
as at Bagnor pre-emergent nymphs were recorded throughout the summer and 
into October. 
Ephemerella ignita at Littlecote presents a broadly similar picture 
with large numbers of small nymphs in the benthos in May but also apparently 
a second peak in mid-July. Again the occurrence of pre-emergent nymphs spans 
the period June to October with a further individual recorded in November. 
However, the pattern of change in density of nymphs through the summer 
coupled with the low numbers of pre-emergent nymphs, are difficult to under-
stand and bear some similarity to the observations made on B. rhodani at 
this site. 
In 1976, sampling programmes for the nymphs were maintained at 
Savernake and Littlecote until early summer. At Savernake small nymphs 
appeared in large numbers in April, as in 1975, but then through May as the 
drought became more extreme the number of nymphs decreased and although a 
small number of pre-emergent nymphs were noted in June, emergence was very 
low compared to 1975. Similarly, at Littlecote, the available evidence 
indicated lower population levels of nymphs in 1976. No sampling for pre-
emergent nymphs took place after 1 April 1976 although prior to this data a 
few overwintering E. ignita appeared ready to emerge. 
7.2 DISTRIBUTION IN THE RIVER 
7.2.1 Methods 
In September 1975 a series of two minute pond net collections were 
taken in selected macrophytes along a 1.5 km section of the Kennet at 
Savernake between two sets of hatches. At the upstream limit the water was 
shallow and fast flowing whilst downstream it became deeper and slower 
flowing. The macrophytes sampled were Schoenoplectus lacustris (L.) Palla, 
Ranunculus sp. and Cladophora sp. and during each timed collection an area 
of approximately 15 m2 was pond netted. The mean depth of water in which 
a given macrophyte sample was growing was estimated from the average of three 
depth readings taken within the area over which the two minute sample was 
collected. Current readings were taken 0.2 m below the water surface in the 
centre of the channel and at 1.5 m from each bank. The mean value for the 
three readings was used as an indication of relative current speed affecting 
a given macrophyte sample compared to other locations sampled upstream and 
downstream. 
All mayfly nymphs were removed from each macrophyte sample before 
being identified and counted. Where samples contained large numbers of 
nymphs, subsampling took place. Four samples were taken on each of Schoeno-
plectus and Cladophora, whilst five were collected from Ranunculus. To 
investigate any preferences each species might have for a particular weed 
type, the following procedure was adopted., For each species the actual 
number of nymphs present in each sample was divided by the mean number of nymphs 
per sample over the 13 samples. This gave an index for each species in each 
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sample in which values greater than unity indicated over-representation and 
values under unity indicated under-representation in the macrophyte under 
consideration. Current speed, depth and position of sample along the river 
were categorised and mean indices of occurrence for the nymphs calculated 
in an attempt to examine the data from several viewpoints. 
7.2.2 Influence of Depth, Current Speed and Species of Macrophyte 
Fig. 97 indicates that, as expected, the mean depth and estimated 
current speed at different locations along the 1.5 km section of river were 
interrelated. At the upstream limit of the section samples were taken in 
shallow, fast-flowing water whilst further downstream towards the next set 
of hatches the water was held back resulting in deeper, slower-flowing water. 
In addition, there was a relationship between physical conditions in the 
river and occurrence of the macrophytes. In general, Ranunculus occurred 
in shallow, fast-flowing water, Schoenoplectus in deeper, slow-flowing water 
whilst thick beds of Cladophora were more severely restricted to the deeper, 
slower-flowing parts of the river. 
Table 61 gives the estimated total numbers of the six species of 
mayfly nymphs collected in the three macrophyte types. From a total of 
21,636 nymphs almost 66% were Baetis vernus, whilst B. rhodani and B. scambus 
accounted for almost 12% and 10% respectively. Ephemerella ignita, Centrop-
tilum luteolum and C. pennulatum were also recorded and although the last 
named species only accounted for 1.85% of the total catch, this amounted to 
421 nymphs taken over the 13 samples. 
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Table 61. Indices of representation for 6 species of mayfly nymph in relation to macrophyte species, position in 
river, depth and current. Values >1 indicate over-representation whilst values <1 indicate under-
representation. 
The three baetids all showed a strong avoidance of Cladophora 
with mean indices never rising above 0.1 whereas the mean indices on both 
Schoenoplectus and Ranunculus were all well above unity. Ephemerella ignita 
exhibited a less extreme avoidance of Cladophora (mean index 0.46) but also 
avoided Schoenoplectus (0.49) in favour of Ranunculus (1.83). In contrast 
Centroptilum pennulatum showed a strong preference for Cladophora with a 
mean index of 1.80, whilst the species was under-represented in samples taken 
on Schoenoplectus and Ranunculus. Centroptilum luteolum occupied a somewhat 
anomalous position for although it showed a slight preference for Cladophora 
also, with a mean index of 1.13 this was mainly due to a high value from 
one of the four samples, the other three showing slight under-representation 
of this species. Schoenoplectus was not favoured by C. luteolum (0.63) but 
in contrast Ranunculus was, with a mean index of 1.49. However, this was 
also partly due to clumping in a single sample of Ranunculus for in the 
remaining four samples C. luteolum was either absent or under-represented. 
Table 61 also gives indices for each species in relation to 
position in river, depth, and current. All the baetids and E. ignita were 
under-represented on Cladophora and also showed an avoidance of the slow 
current speeds, being found in highest numbers in areas of fast current speed. 
The reverse was true for C. pennulatum whilst C. luteolum only showed 
consistent preferences for upstream locations in shallow water. Using the 
individual sample data for current speed in relation to index of occurrence 
it was possible to examine the relationship, if any, between the two. All 
species except B. scambus and C. luteolum showed a significant correlation 
between the index and current speed. Fig. 98 presents the relationships for 
the remaining species together with their regression equations. A positive 
relationship between current speed and index was shown by B. rhodani, B. 
vernus and E. ignita whilst Centroptilum pennulatum demonstrated a negative 
response to increasing current speed. It must be emphasised that since 
position in the river, depth, current speed and weed type were all correlated, 
this analysis could not prove conclusively that any one of these factors had 
overriding importance in determining the distribution of the nymphs. However, 
both weed type and current speed are clearly of great importance and the next 
section examines in greater detail the microdistribution of baetids and 
Ephemerella ignita within a bed of Ranunculus in relation to current speeds 
around and within the weed bed. 
7.3 DISTRIBUTION IN A BED OF RANUNCULUS 
7.3.1 Methods 
This investigation, which took place at Littlecote, is in two parts. 
First, the monitoring of current speeds in and around a weed bed, and second 
the dissection of a similar bed to record the mayfly nymphs in the different 
locations. A weed bed of Ranunculus 2m long by 0.5 m wide was used on each 
occasion. A Kent mini-flow was used to record current speed and in order to 
measure current within a bed a protective collar was designed to prevent 
Ranunculus fronds from fouling the propeller. 
A second weed bed, similar in size, shape, current regime and 
position in the river to the one used for the current survey was examined for 
mayfly nymphs. It was cut into sections from each of which the nymphs were 
removed, identified and counted. The weed was dried and weighed. Results 
are shown as the number of nymphs of a given species in each section of weed 
and also as the density of nymphs in each section as numbers per g of macro-
phyte. The last measurement was calculated since each section varied in 
weight of weed and therefore in volume of microhabitat available for coloni-
sation. 
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Fig. 98. Indices of representation for four species of mayfly nymphs 
plotted against current speed for 13 sites along a 1.5 km 
section of the Kennet at Savernake sampled in September 1975. 
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7.3.2 Influence of Current Speed 
The current survey showed that inside the bed the flow was slow 
and in a large portion of the lower half it was too slow to register on 
the Kent mini-flow. Outside the weed bed much faster current speeds were 
recorded and the fastest current by far was found at the front (upstream) 
end of the weed bed. In addition, on both the inside and outside of the 
bed, water flowed over and through the upper part of the bed much faster 
than the lower part. 
Fig. 99 presents information on the distribution of Ephemerella 
ignita, Baetis vernus, B. rhodani and B.scambus within the various sec-
tions of the weed bed which was dissected. In practice B. vernus (61%) 
and E. ignita (35%) accounted for 96% of the nymphs and the results for 
B. rhodani and B. scambus should be interpreted with caution. 
Ephemerella ignita appeared to avoid the high current speeds 
found at the leading edge of the weed bed and occurred predominantly in 
the four lower sections, numbered 3, 5, 7 and 8 in Fig. 99 where 86% of 
the population was recorded. These same four sections also held the 
highest densities of E. ignita with between 2.72 and 7.65 individuals 
per g of Ranunculus. In contrast, B. vernus was found to have a more even 
distribution throughout the bed and only 46% of individuals occurred in 
the four lower sections which held 86% of E. ignita. Results for B.rhodani 
and B. scambus suggest an interesting difference between the two species in 
relation to distribution in the trailing part of the weed bed. However, 
since the numbers are small this would need further investigation before 
any conclusions can be reached. 
In examining these results it is important to bear in mind that 
current speed was not the only variable within the weed bed. The inner 
regions receive little light, and hence there will be few algae and much 
detritus. From the distribution found in this investigation it would be 
reasonable to expect less algae and more detrital material in the guts of 
E. ignita than those of the baetids. Scorgie (Lambourn Report 1971-73) 
found this to be the case for these species in the summer months. Thus 
current speed, acting both directly and via its effect on food availability 
may be one of the main factors influencing the distribution of mayfly nymphs 
within macrophytes. 
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Fig. 99. The distribution of four species of mayfly nymphs within a weed 
bed, divided into a number of areas as shown in the key. 
Information for Ephemerella ignita and Baetis vernus is presented 
both as numbers and as numbers per g weed but for B. scambus and 
B. rhodani only as numbers. 
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8. SUMMARY 
8.1 INTRODUCTION 
This chapter summarizes the main points emerging from the report. 
It has been arranged so that the heading 8.2 in this chapter relates to 
Chapter 2 of the report, 8.3 to Chapter 3 and so on. This should facilitate 
cross reference to the detailed information on which the summary is based. 
The field programme is summarized in section 1.3 of the Introduction to the 
report. That section and this Summary together provide a concise account of 
what has been done and the main results that have been obtained. 
The results from the Lambourn summarized in section 8.3 are able 
to take advantage of observations carried out during the previous contract 
as well as the present one. As a result it is easier to see individual 
observations in perspective and to draw useful conclusions about long-term 
trends and the significance of variations from year to year. Maintaining 
observations for a considerable number of years has brought to light 
relationships which would not have been established or perhaps even suspected 
on the basis of a short-term study. Our knowledge of the Lambourn sites 
has increased with each year and the conclusions that can be drawn are more 
interesting as time goes on. 
The field observations were extended to cover the effects of the 
1976 drought, the operation of the groundwater scheme in the autumn of 1976 
and the conditions following the end of the drought. These observations 
took place at several different sites and are presented in various parts of 
the report. They have all been summarized in section 8.8 so that the 
information is brought together here. 
8.2 METHODS 
a) The mapping and sampling techniques which were devised for the Lambourn 
proved suitable for all the rivers included in this contract but could 
be difficult to use in rivers larger that the Kennet above Hungerford. 
b) The mapping technique used for studying macrophytes was modified to 
give greater accuracy and speed. Tests were carried out to compare the 
results obtained by the three methods which have been used since 1971. 
c) The sampler used for collecting quantitative samples of invertebrates 
and macrophytes was modified slightly for use in deeper water. 
8.3 THE LAMBOURN 
a) The annual discharge has varied widely during the period 1971-76 (Fig. 6) 
providing a good basis for assessing the ecological effects of changes 
in flow. 
b) On the unshaded site at Bagnor, where Ranunculus is the dominant macro-
phyte, a positive relationship has been established between discharge 
during March, April and May each year and the growth of Ranunculus 
(Fig. 12). The relationship broke down in 1971 when dredging operations 
deposited silt on the site and held back growth of the plants. 
c) On the shaded site at Bagnor, where Berula is the dominant macrophyte, 
seasonal changes in this plant have been less apparent and it has proved 
difficult to account for the occasional major changes that have occurred. 
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d) Conceptual models have been devised to describe the processes which 
appear to control the growth of Ranunculus on the unshaded site and of 
Berula on the shaded site (Figs. 13 and 16). 
e) The number of invertebrate taxa occurring at Bagnor on each biotope 
and at each site has not varied greatly from year to year. The number 
of invertebrates per square metre was higher on plants than on gravel 
and silt but differences between plants and between sites were not 
consistent. Examples have been presented of the data for individual 
species and how these can be interpreted to give information on life 
history, habitat preferences and responses to discharge. 
f) The number of organisms present at each site at Bagnor has increased 
from 8 million in June 1971 to about 25 million in June 1977 (Fig. 23a). 
The numerically dominant group Gammaridae (mainly Gammarus pulex) has 
remained relatively stable in numbers but other groups show consider-
able fluctuations from year to year. Gammaridae are more numerous in 
December than in June, a feature shown by most groups except Chirono-
midae, Baetidae and Ephemerellidae (Figs. 24, 25 and Table 5). 
g) The Shannon-Wiener diversity index and equitability both indicate a 
stable level of diversity with lowered levels at both sites at Bagnor 
in June 1973 and June 1976 and at the shaded site in 1972 (Fig. 23c 
and d). These were all periods of reduced discharge when the fauna 
was dominated by chironomids. The Czeckanowski similarity index con-
firms the overall stability in December and the similarity of changes 
in years of low discharge. 
h) The observations on trout and grayling at Bagnor show few clear changes 
from year to year. There is evidence that recruitment and growth of 
both species are inversely related to the discharge during April to 
October or to some environmental factor closely related to discharge 
(Tables 7 and 12 and Figs. 28 and 30). Low discharge favours both 
species but the very low levels in 1973 appeared to have an adverse 
effect on recruitment of trout. 
i) In surveys along the whole length of the Lambourn the main aquatic 
macrophytes, Ranunculus, Berula and Callitriche, showed differences in 
distribution between the intermittent and perennial parts of the river. 
Within the perennial zone their distribution was affected by physical 
factors such as current speed, shading and water depth which did not ' 
alter progressively downstream. Apium and Rorippa were important in 
the intermittent zone. 
j) The invertebrate fauna of the Lambourn could be divided into four groups 
of species which 1) were found only in the intermittent zone; 2) were 
ubiquitous in both zones; 3) were characteristic of the permanent zone; 
and 4) had limited distributions in the permanent zone (Table 21). 
This meant that the faunas of the intermittent and permanent zones 
showed clear differences and the fourth group of species gave rise to 
gradual changes downstream in the perennial zone in spite of the stable 
physical conditions in the river (Figs 34 and 35). The Bagnor sites 
proved to be typical downstream sites in the permanent flow section. 
8.4 THE KENNET 
a) The Littlecote site is dominated by Ranunculus which grew rapidly in 
spring and summer each year to give a maximum area in August. The 
biomass of Ranunculus was estimated to reach 754 g m-2 compared to 
436 g m - 2 at Bagnor. Observations on the plants after weed cuts showed 
that the timing of cuts could produce different results. Cutting in 
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June resulted in large healthy beds of Ranunculus during the following 
winter when the plants would otherwise have died back. 
b) Two sites at Savernake provided a comparison between Schoenoplectus 
lacustris which is dominant at the lower site and Ranunculus which is 
dominant at the upper site. Schoenoplectus formed stable beds which 
arose from woody rhizome systems and did not rip out in adverse con-
ditions. The beds became denser and thinner seasonally rather than 
larger and smaller. Schoenoplectus showed little response to changing 
physical conditions whereas Ranunculus responded rapidly to suitable 
conditions but suffered badly under adverse conditions. The plant 
biomass at the Savernake sites was estimated to reach 412 g m-2. 
c) The Littlecote site had 33 invertebrate taxa which were not recorded 
at Savernake. These were largely taxa that would be expected to 
occur further down a river in spite of the fact that the Littlecote site 
was shallow and fast-flowing whereas Savernake, further upstream, was 
deeper and slower-flowing. A few slow-water taxa were found only at 
Savernake. 
d) The densities of invertebrates at all sites were well within the range 
expected in chalk streams. The faunas at Littlecote and Savernake 
were similar in numbers but Savernake had higher numbers of groups 
favoured by Schoenoplectus, such as Chironomidae, and Littlecote had 
more of those favoured by fast flows, such as Simuliidae and Baetidae. 
e) The trout populations were fairly stable and had similar recruitment, 
size structure, growth rate and condition factors except where these 
were influenced by stocking policy. The growth rate of trout in the 
Kennet (Figs. 53 and 54) was greater than that in the Lambourn. 
Observations on stocked trout at Savernake showed that they were more 
easily caught than wild fish (Fig. 55). However, most stocked fish 
were not caught but disappeared from the sites in about two months, 
presumably by migration or mortality. 
f) Grayling were rare at Savernake but well established at Littlecote where 
their biomass is comparable with that of trout during the summer. 
Kennet grayling live longer than those in the Lambourn and grow faster 
when they are young (Figs , 58 and 59). Their condition factor tends 
to be highest in June and increases with age. 
g) The populations of bullheads in the Kennet and the Dun have similar age 
structures, growth rates and population densities to those in the 
Lambourn. 
h) Observations on the Kennet above Marlborough, the Og and the Aldbourne 
showed that the flora was similar to that of other winterbournes. The 
invertebrate fauna could be divided into the same groups as in the 
upper Lambourn. 
i) Two samples of fish from the Dun showed that survival and growth of 
trout was very similar to that in the Kennet. Grayling in the Dun were 
generally longer and heavier than those at Littlecote and had slightly 
higher condition factors. 
8.5 COMPARATIVE STUDY OF CHALK STREAMS 
a) This study was carried out from April 1975 to April 1976 under what 
proved to be very unusual conditions of discharge (Fig. 66) due to the 
onset of the drought. This led to the accumulation of silt in the 
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autumn and winter which was not washed away as would happen in more 
normal years. 
b) Despite differences in the physical environment of the eleven sites, 
similar patterns of growth and recession of macrophytes were observed 
although the timing of events did differ slightly among the sites. 
c) Analysis of the species complement of invertebrates at the eleven sites 
gave high Sørensen association coefficients (Table 58) indicating a 
basically uniform fauna. Some taxa had a limited occurrence (Table 57) 
and in some cases this was due to more taxa being found at more down-
stream sites (Table 59). 
d) The numbers of invertebrates per unit area and the community diversity 
have been determined for each habitat at the eleven sites. The relation-
ship to each habitat corresponds closely with that established pre-
viously at Bagnor. Samples containing large numbers of animals tend 
to have lower diversity suggesting that these samples are dominated by 
a few abundant taxa. These analyses again indicate an overall uniformity 
of the invertebrate communities at these sites. 
e) The range of densities for twelve of the most abundant invertebrate 
taxa demonstrate habitat preferences which correspond closely with 
those found previously at Bagnor (Figs 78 - 81). Most taxa have higher 
densities on macrophytes. Some taxa show a reduced habitat preference 
at certain sites suggesting that some environmental factor other than 
the nature of the plant or the substratum may be influencing the quality 
of the habitat in these cases. 
f) When the invertebrate data were subjected to principal components 
analysis and cluster analysis the samples were arranged in a sequence 
which seems to correspond with decreasing water velocity and increasing 
siltation. This may be the main environmental gradient which determines 
the total numbers of invertebrates, the diversity of the fauna and the 
density of individual taxa at a particular sampling point. 
g) The study of pre-emergent mayfly nymphs from eleven sites showed a high 
degree of similarity among the sites. Baetis vermis was generally the 
most abundant species followed by B. rhodani, B. scambus and Ephemerella 
ignita. The number of generations in these species seemed to be con-
stant between sites and between two years (Fig. 87). 
h) The comparative studies have shown that all the sites are basically 
similar in the patterns of growth and recession of macrophytes and in 
the structure of the invertebrate communities. The differences that 
have emerged can be related to local effects of current speed and 
siltation or to the longitudinal position of a site on a river. The 
features of the Bagnor sites are well within the range of variation 
observed and are characteristic of conditions in the lower part of a 
chalk stream of that size. Since the Lambourn is a medium-sized chalk 
stream, the Bagnor sites are probably reasonably representative of 
chalk-streams in general. 
8.6 ECOLOGY OF EPIPHYTIC CHIRONOMIDS 
a) Observations on the chironomid population on Schoenoplectus showed that 
they could be divided into three groups of 1) species requiring a 
strong flow of water; 2) species tolerant of a range of flows and 
temperatures; and 3) species associated with slow or still water. 
The drought in 1976 had a considerable effect on species composition. 
Larvae of some species showed a consistent pattern of distribution on 
the leaves. 
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b) Chironomid larvae showed a close association with detritus on the 
leaves and this was used as food and for building tubes. Experiments 
in a laboratory stream confirmed that distribution patterns could be 
produced during colonisation of leaf surfaces and that old leaves with 
a coating of detritus and periphyton were more attractive to the 
larvae. 
8.7 ECOLOGY OF EPIPHYTIC MAYFLIES 
a) The life histories of Baetis rhodani, B. vernus and Ephemerella ignita 
were found to be similar at Littlecote, Savernake and Bagnor. 
b) The habitat preferences of these three species and of B. scambus, 
Centroptilum pennulatum and C. luteolum were determined at Savernake 
in relation to species of macrophytes, position in the river, depth 
and current speed (Table 61 and Fig. 98). The first four species were 
also shown to have uneven distributions within a bed of Ranunculus 
which could be a response to variations in water movement or some 
other factor such' as light intensity or food supply. 
8.8 THE 1976 DROUGHT 
a) The maximum water temperatures recorded during the summer of 1976 were 
considerably higher than in previous years. 
b) A striking feature of the winter and spring of 1975-76 was the accumu-
lation of exposed areas of silt at the eleven sites being studied at 
that time. In the early part of 1976 over a third of the area of each 
of the Bagnor sites was covered by silt and this was far in excess of 
levels recorded previously. At Savernake silt rose to 26% of the area 
and at Littlecote to 12%, both far above the 1975 levels. Silting was 
particularly severe at sites on the upper Lambourn. 
c) The growth of the dominant macrophytes on both sites at Bagnor and on 
the Kennet was seriously retarded in 1976. This was due partly to 
siltation of the sites and partly to a thick layer of epiphytic algae 
and detritus which accumulated on the plants and prevented sufficient 
light reaching the leaves. At Bagnor the June biomasses of Ranunculus 
on the unshaded site and of Berula on the shaded site were the lowest 
on record. Macrophytes were almost eliminated from the sites on the 
upper Lambourn and Elodea canadensis became well established on the 
shaded site at Bagnor. 
d) The invertebrate community at Bagnor rose to record numbers in June 
1976 but this was accompanied by a large decrease in the diversity of 
the community. Chironomids were very numerous probably because of the 
algal and detrital food available on the macrophytes. Taxa which 
require a rapid flow of water, such as Simuliidae and Baetidae, fell 
to much lower numbers than usual. 
e) In the Winterbourne, forty taxa of invertebrates recorded in 1972 were 
not found in 1976-77. These included taxa associated with groundwater 
inflows, taxa characteristic of ponds and ditches, and taxa with limited 
distributions in the stream in 1972. Eleven taxa found in 1976-77 but 
not in 1972 were all characteristic of small or slow-flowing streams 
or of ponds and ditches. 
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f) Many species of invertebrates disappeared from the sites at Great 
Shefford and Liddiard's Farm during the drought. Only species tolerant 
of a wide range of temperature and of low flow and siltation were able 
to survive. 
g) Numbers of trout and grayling were lower than expected at some sites in 
1976 but this was probably due to fish moving away from sections of the 
river which had become too shallow. The survival of 0+ trout and 
bullheads at Bagnor was lower than might have been expected. Otherwise 
there is little evidence of effects on the fish. 
h) The upper reaches of the Lambourn, the Winterbourne, the upper Kennet 
and its tributaries were dry for a prolonged period in 1975-76. In 
1976 the effect extended well into parts of the rivers which normally 
have perennial flow. 
i) Operation of the groundwater scheme in the autumn of 1976 produced an 
immediate improvement of conditions at the East Shefford site. Silt 
decreased at all the Lambourn sites except Weston. Callitriche grew 
well at Bagnor during the pumping as it had at East Shefford during 
the trial pumping there in the autumn of 1975. Many species of inverte-
brates reappeared at Great Shefford in October and November 1976. 
j) The springs finally broke in February 1977. The rapid increase in 
discharge removed the remaining accumulations of silt, particularly at 
East Shefford. During the spring Ranunculus grew very well on the 
unshaded site at Bagnor and Elodea was largely eliminated from the 
shaded site. By June 1977 the macrophyte situation had returned to 
normal at Bagnor. At East Shefford macrophytes gradually became 
established again during the summer of 1977 but were not back to normal 
by the autumn. The species complement of invertebrates was not fully 
restored either. On the Winterbourne and the upper Lambourn macro-
phytes seemed to re-establish quite well in 1977 at sites which had 
been dry in 1976. Some species of invertebrates reappeared soon after 
these sites were inundated and recolonisation was still progressing 
in August 1977 when the observations ended. 
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